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Reference: CLEAN Contract N62472-90-D-1298
Contract Task Order No. 0129
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Subject: Draft Work Plan for Waste Oil Tank 10 and
Building 325 No. 2 Fuel Oil Tanks
Naval Submarine Base - New London, Groton, Connecticut

Dear Mr. Helland:

Enclosed are six (6) copies of the final draft of the subject document. Three (3) copies have been sent to
Bob Brown at the Naval Submarine Base - New London, and four (4) copies have been sent to Scott
Deshesy at the Connecticut Department of Environmental Protection.

The document has been revised based on your review letter dated September 13, 1994, addressing the
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1994, addressing the use of a FID instead of a PID monitoring device.
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1.0 INTRODUCTION

1.1 AUTHORIZATION

The Northern Division of the Naval Facilities Engineering Command (NAVFAC) issued Contract Task Order
(CTO) 0129 under the Comprehensive Long-Term Environmental Action Navy (CLEAN) Contract
No. N62472-90-D-1298 to Halliburton NUS Corporation (Halliburton NUS). The CTO is an assignment to
perform remedial investigation activities at Subase-New London, located in Groton, Connecticut.

A Scope Change Letter dated April 11, 1994, and subsequent conversations with the Navy, directed
Halliburton NUS to perform investigation activities at Waste Oil Tank 10 (OT-10), and an associated tank an
oil /water separator, and also at two No. 2 fuel oil tanks adjacent to Building 325. Halliburton NUS
responded to the Scope Change Letter by preparing a Cost Impact Letter dated May 3, 1994. The scope
of work was negotiated on June 1, 1994 and a Confirmation of Negotiation Letter was submitted to the Navy
on June 4, 1994.

This section is the introduction to the Work Plan which specifically addresses the additional field activities
authorized as described above. Section 1 also includes a discussion of the scope and objectives in addition
to a description and history of the tanks being investigated. Section 2 contains a detailed description of the
required work tasks, and Section 3 provides the details of the field activities. Appendix A contains

Halliburton Standard Operating Procedures (SOPs) and ASTM method descriptions. Appendix B contains
field investigation forms.

Al fieid acti\)ities described in this Work Plan will be conducted in accordance with the existing Quality
Assurance Project Plan (QAPP) and Health and Safety Plan (HASP).

1.2 SCOPE AND OBJECTIVES

The primary objective of this investigation is to collect the necessary data to determine the environmental
impacts that the waste oil tanks at OT-10 and the fuel oil tanks at Building 325 may have had on the
surrounding soil and groundwater. Following the data collection phase, remedial alternatives will be
presented in the Site Investigation Report, if necessary. The two waste oil tanks and oil /water separator at
OT-10 and one tank at B-325 will be kept in service; the other tank at B-325 is scheduled to be removed and
permanently abandoned. Specific objectives of the project are as follows:

R-07-94-17 1-1



® To determine the magnitude and extent of petroleum-related contamination in soil or
groundwater that may be present near the waste oil tanks at OT-10 and the two No. 2 fuel oil
tanks at B-325.

e  To establish a permanent leak detection system for the tanks remaining in service, including the
OT-10 tanks and one of the No. 2 fuel oil tanks at B-325, concurrent with Federal regulations

40 CFR Part 280.
1.3 TANK DESCRIPTION AND SITE HISTORY
1.3.1 OT-10

The tanks at OT-10 are located in the southern portion of Subase-New London, immediately north of Crystal
Lake Road and between Sculpin Avenue and Tang Avenue and adjacent to Waste Oil Tank § (OT-05). The
oil /water separator system which exists at OT-10 consists of a sump, a 30,000-gallon bilge water storage
tank (registration number NN-03), an oil /water separator, and a 10,000-gallon waste oil tank (registration
number NN-02). Oily bilge water is transported by truck to the site, discharged at a truck dumping pad to
a sump, and then routed via an 8-inch line to tank NN-03 for holding. The bilge water is then pumped to
the oil /water separator through a 1%-inch line. Waste water from the separator is sent by a 3-inch line to
the sanitary sewer line on Tang Avenue and then to the sewage pumping plant located east of the Nautilus
Museum and west of Military Highway. Waste oil from the separator is directed to tank NN-02. Construction
details of NN-02 indicate this tank is made of fiberglass and was installed in 1981. The top of the tank is
located approximately 4 feet below grade, and the bottom of the tank is approximately 12 feet below grade.
Construction details of the larger tank (NN-03) could not be obtained, although it is reported that this tank
is made of unlined steel and was installed in 1989.

In earty 1993 the 30,000-gallon tank was pumped out, and the debris clogging the pumps was removed.
The tank was then steam cleaned. The 10,000-gallon tank was also pumped out but could not be steam
cleaned because groundwater continually filled the tank after being emptied. Site personnel report that the
floor of the 10,000-gallon tank lacked a striker plate below the dipstick hole and had been punctured by the
dipstick when the product level in the tank was being checked. A contractor subsequently patched the tank.
No tightness test has been performed on this tank and the associated piping. It is unknown, but likely, that
product escaped from tank NN-02. In addition, in Septemer 1994, groundwater was noted to have infiltrated

the oil/water separator. No releases have been reported from tank NN-03 or the oil/water separator.
Groundwater monitoring systems for these tanks have not been instalied.

R-07-94-17 1-2
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In early 1994 Halliburton NUS performed field work in support of a Site Characterization Report (SCR)
(Halliburton NUS, April 1994) for a nearby waste oil tank (OT-05). Waste Oil Tank 5 (OT-05) is a cylindrical
reinforced concrete tank, approximately 112 feet in diameter and 11 feet deep. A concrete slab covers the
tank and is supported by 37 concrete columns spaced 16 feet on center. The OT-05 tank capacity is
approximately 750,000 gallons. The top of the tank is approximately 5 feet beneath the ground surface, and
the base of the tank is approximately 17 feet beneath ground surface. Drilling results from Halliburton NUS'
field operations indicate the soils underlying the site are composed of fine- to coarse- grained sand with
some siit and gravel. The water table is approximately 4 feet below ground surface. The inferred
groundwater flow direction is west-southwest directly towards the Thames River.

The tanks at OT-10 are approximately 480 feet southeast of the Spent Acid Storage and Disposal Area,
which is located south of Buildings 409 and 410. The Spent Acid Storage and Disposal Area is being
investigated as part of the Installation Restoration Program (IRP) Phase |l Remedial investigation (RI) at the
Subase.

1.3.2 B-325

Two No. 2 fuel oil tanks exist at B-325. One tank is located south of Building 325 and north of Triton Avenue
in the Advanced Weapons Facility of Subase-New London. This tank (registration number R02) was installed
in September 1891. itis constructed of unlined double-walled steel, coated with a coal tar epoxy-polyamide
paint, and equipped with a low liquid level monitoring system. The tank is 21 feet long and 9 feet in
diameter. The top of the tank is approximately 4 feet below grade, and the bottom of the tank is
approximately 13 feet below grade. It is attached to a cement tie-down pad and has piping connections
to Building 325. It has a capacity of 15,000 gallons and is the primary tank that supplies No. 2 fuel oil to
the steam boiler in Building 325 for onsite heating. In December 1993 up to 26 inches of water were
detected in the tank, suggesting a possible leak. The fuel oil and water were emptied from the tank, and
the tank was placed temporarily out of service. In May 1994, the soil overlying the tank was removed to
uncover the top of the tank, and a contractor entered and cleaned the tank. Upon visual inspection, the
contractor found no structural faults with the tank. However, the fill and vent lines failed a tightness test.
During the tightness test, air leaked from both the fill and vent lines, but water was also observed to be

leaking from the vent line. The lines are expected to be replaced.

The other No. 2 fuel oil tank (registration number ROTR1) at B-325 is located adjacent to and south of
Building 325 in the Advanced Weapons Facility of Subase-New London. Constructions details of tank RO1R1
were not available except that it was installed in February 1989 and is constructed of steel. It has a concrete

secondary containment, which is partially above ground surface, and the top of the tank is approximately
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even with grade. The tank has a capacity of 10,000 gallons and is the secondary tank that supplies No. 2
fuel oil to the steam boiler in Building 325 for onsite heating.

An unknown quantity of fuel oil was reported to have been released from tank RO1R1 in early 1993. The
release was contained within its concrete secondary containment. Cracks have been noted in the concrete
secondary containment, and it is unknown whether any fuel oil escaped. The tank is presently out of
service, and all product has been removed from the tank. It is intended to be permanently removed and
abandoned.

There is no evidence that either tank (RO1R1 or R02) contained any material other than No. 2 fuel oil.

In March 1994 Halliburton NUS performed field work around Building 325 in the Advanced Weapons Facility
of Subase-New London as part of the Installation Restoration Program (IRP) Phase |l Remedial Investigation
(Rl). Resuits from the drilling activities of this field work identify the soils to be a fine- to coarse-grained
gravel with trace silt and sand overlying a fine- to medium- grained sand with trace mica and silt. The depth
to the bedrock surface varies from 3 feet to 32 feet below ground surface. The water table is approximately
3.5 feet below ground surface with the inferred groundwater flow direction to the west-southwest towards
the Thames River.

Other monitoring wells and soil borings in the vicinity of this site indicate that soil and groundwater in this

area have some contamination present, but no contamination from fuel by-products was detected.
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2.0 WORK TASKS

A total of three work tasks were identified in the Navy Scope Change Letter and are described in this

section.
2.1 TASK 1 - WORK PLAN

This task includes preparation of a draft and final version of a work plan, which is this document. The work
plan includes detailed procedures for completing the scope of work and will be used as a reference

document by Halliburton NUS and Navy personnel for completing the work activities.
2.2 TASK 2 - FIELD WORK

The field work activities will consist of soil borings and monitoring well instaliations and soil and groundwater
sampling. A detailed discussion of the necessary subtasks to complete the field work are included in
Section 3 of this Work Plan.

23 TASK 3 - REPORT

A preliminary draft, draft, and final report will be completed for this project that will summarize the results
of the investigation. The report will include a site map showing the sample locations at each of the two
sites, a cross-section figure for each site, and tables comparing contaminant concentrations to regulatory
standards. No more than three remedial alternatives will be evaluated and recommendations will be made
regarding the most cost effective alternative. It may be necessary to collect additional data in a second
investigative phase if the intended objectives of the investigation are not met. If this is the case, then
recommendations for additional work will be made instead of remedial alternatives, evaluations, and
recommendations. An addendum to the report will be completed (if necessary) and include the results of
the second investigative phase and remedial alternatives, evaluations, and recommendations. The report

format will be as follows:

L Section 1 - Introduction

®  Section 2 - Field Activities Methodology

R-07-94-17 241




Section 3 - Investigation Results
Section 4 - Remedial Alternatives and/or Recommendations For Additional Work

Additional material will be included as appendices (i.e., calculations, well logs).

R-07-94-17
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3.0 FIELD ACTIVITIES

3.1 FIELD ACTIVITIES SUMMARY

A discussion of the field work activities is included in this section. Soll borings and monitoring welis with
concurrent soil and subsequent groundwater sampling and analysis will be completed at OT-10 and B-325
to detect the lateral and vertical extent of any soil or groundwater contamination that may be present at
these sites due to releases which may have occurred from underground storage tanks. Twelve subsurface
soil samples from eight soil borings at OT-10 and eleven subsurface soil samples from seven soil borings
at B-325 will collected for laboratory analyses. All eight soil borings at OT-10 and four soil borings at B-325
will be converted to permanent groundwater monitoring wells with subsequent groundwater sampling at all
permanent groundwater monitoring wells. In addition, one waste water sample and one waste oil sample
from the 30,000 gallon tank (NN-03) at OT-10 will be collected for laboratory analysis to determine what
contaminants are present in the waste material. Sampling and analysis with rationale is described in detail
in the following sections and summarized in Table 3-1. The soil and groundwater sampling and analysis are
designed to satisfy Federal regulations presented in 40 CFR, Part 280, including Subpart D (Release
Detection), Subpart E (Release Reporting, Investigation and Confirmation), Subpart F (Release Response
and Corrective Action for UST Systems Containing Petroleum or Hazardous Substances), and Subpart G
(Out-of-Service UST Systems and Closure).

Halliburton NUS Standard Operating Procedures (SOPs) will be followed during field work activities and are
referenced whenever possible regarding detailed procedures for a particular activity. All SOPs required for
this field activity are included in Appendix A.

3.2 MOBILIZATION/DEMOBILIZATION

Following approval of the Work Pian, Halliburton NUS will begin mobilization activities. All field team
members will review the Work Plan. In addition, an addendum to the existing Health and Safety Plan (HASP)
(Halliburton NUS, October 1994) for Subase-New London, will be completed to specifically address the work
activities to be conducted during this field work. A field team orientation meeting will be held to familiarize
personnel with the scope of the field activities.

The Field Operations Leader (FOL) will coordinate the mobilization activities. The FOL will also make any

arrangements for equipment and supplies required to conduct the field investigation. The equipment
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TABLE 3-1

ANALYTICAL PROGRAM - OT-10 AND B-325 SITES
NSB-NLON, SUBASE-NEW LONDON, CONNECTICUT

Media Analysis Analytical Method "S";’:]zf;sﬁ,' Banb o | Eduipment | P93, | Duplicates® S;;‘;"Ls

0OT-10

Soil TPH E418.1 10 - 1 - 1 12
BTEX SW-846 8020 10 2 1 - 1 12
TCL Volatiles CLP SOW 0LMo01.8 3 2 1 - 1 6
TCL Semivolatiles CLP SOW 0LMo1.8 3 - 1 - 1 4
TAL Metals CLP SOW ILMo02.1 3 - 1 - 1 4
TCL Pesticides/PCBs | CLP SOW 0LM01.8 3 - 1 - 1 4
Full TOLP oot & 3 : 1 : 1 4

Groundwater | TPH E418.1 5 - 1 - 1 4
BTEX SW-846 8020 5 1 1 2 1 8
TCL Volatiles CLP SOW 0LMo1.8 4 1 1 2 1 8
TCL Semivolatiles CLP SOW oLMo1.8 4 - 1 2 1 7
TAL Metals CLP SOW ILM02.1 4 - 1 2 1 7
TCL Pesticides/PCBs | CLP SOW 0LM01.8 4 - 1 2 1 7

Tank Contents | TPH E418.1 2 - 1 - - 3
TCL Volatiles SW-846 8020 2 1 1 - - 4
TCL Semivolatiles CLP SOW 0LM01.8 2 - 1 - - 3
TAL Metals CLP SOW ILM02.1 2 - 1 - - 3
TCL Pesticides/PCBs | CLP SOW 0LM01.8 2 - 1 - - 3

. " ! . | L ' f 4 4 [ | 1 f
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TABLE 3-1 (Continued)
ANALYTICAL PROGRAM - OT-10 AND B-325 SITES
NSB-NLON, SUBASE-NEW LONDON, CONNECTICUT

Media Analysis Analytical Method ';‘;m‘;f;sﬁ,' Bll:lil‘:s“’ Eggspa’?:m’,‘t B"::;ng Duplicates® S:r?!tpalles
B-325
Soil TPH E418.1 11 - 1 - 1 12
BTEX SW-846 8020 11 1 1 - 1 1
Full TCLP e & 1 : : : : 1
Groundwater | TPH E418.1 - 1 - 1
BTEX SW-S46 8020 1 1 - 1 7

™ Number of samples includes 1 soil MS/MSD which will be collected with double volume, and 1 groundwater MS/MSD which will be collected
with triple volume. MS/MSDs will be noted on each sample bottle, the COC, and the sample log sheets.

@ Trip Blanks: Samples which originate from analyte-free water taken from the laboratory to the sampling site and returned to the laboratory with
the volatile organic (VOC) samples. One trip blank per each cooler containing VOC compounds. Trip Blanks are only analyzed for VOCs.

o Equipment Blank: Samples obtained by pouring analyte-free water over sample collection equipment (bailer, etc.) after decontamination.
Assesses the effectiveness of field decontamination procedure. Obtained at a frequency of 1/day/media/analysis. Number of samples reflects
the number of actual laboratory analyses performed. Only samples from every other day will be analyzed.

“  Field Blank: Samples consisting of the source water used in (1) steam cleaning and (2) decontamination. Obtained at a frequency of
1/event/source water.

®  Duplicates: A single sample split into two portions during a single act of sampling. Assess the overall precision of the sampling and analysis
program. Obtained at a frequency of 10 percent of the number of samples.



required for the field activities will be loaded in Pittsburgh, Pennsyivania, and sent to the site by the
equipment manager. Much of the equipment is already on site in support of work activities currently being
performed by Halliburton NUS in accordance with the original scope of this CTO. Therefore, mobilization
activities will be minimal. The FOL will also coordinate with the Navy regarding clearing utilities prior to

drilling activities.
33 SOIL BORINGS

A total of eight soil borings at OT-10 and seven soil borings at B-325 will be drilled. The purpose of the soil
borings is to characterize the subsurface lithology, install permanent groundwater monitoring wells, and
establish a vertical profile of the subsurface contamination, if any. Proposed soil boring locations are shown
on Figures 3-1 and 3-2. The soil borings will be drilled using minimum 6-inch inside diameter, hollow-stem
auger techniques. Split-spoon samples shall be collected from each boring continuously at 2-foot intervals
to the bottom of the borehole, in accordance with ASTM Method D1586-84 and Halliburton NUS SOP
GH-1.3. The samplers shall have a minimum 3-inch outside diameter and be at least 2 feet in length in order
to fulfill sample volume requirements for chemical analysis. The use of drilling fluids is prohibited while
drilling. A lithologic description will be made of each split-spoon sample, and a complete log of each boring
will be maintained by Halliburton NUS in accordance with SOP GH-1.5. At a minimum, the Halliburton NUS

boring log will contain the following information:

Sample numbers and types
Sample depths

Standard Penetration Test data
Sample recovery/sample interval
Soll density or cohesiveness

Soil color and moisture

Unified Soil Classification System (USCS) material description and symbol

In addition, depths of changes in lithology, depth to water, organic vapor monitor readings, drilling methods,
and total depth of each boring will be included on each boring log.

3.4 SUBSURFACE SOIL SAMPLES

Subsurface soil samples shall be collected continuously from each boring at 2-foot intervals to the bottom
of the borehole, in accordance with ASTM Method D1586-84 and Halliburton NUS SOP GH-1.3. 'Split-spoon

samplers shall have a minimum 3-inch outside diameter and at least be 2 feet in length in order to fulfil
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MEMORANDUM 29 September 1994

From: Northern Division, Naval Facilities Engineering Command, B. Helland
To: Halliburton NUS, M. Cochran

Subj: U.S. NAVY CONTRACT N62472-90-D-1298, CTO 129, CIL #6, INSTALLATION
OF MONITORING WELLS, OT10 AND BLDG 325, NAVAL SUBMARINE BASE
NEW LONDON

Encl: (1) Site plan of sanitary sewer line break at 0T10

1. Enclosed is a site plan prepared by NSB New London showing the location of
a break in the water discharge line from the oil/water separator at 0T10. The
1ine carried treated water from the separator to the sanitary sewer. The
break has been repaired.

2. It is not believed that this break caused significant contamination, but
Bob Brown suggested bringing it to your attention. Call me if you have any

questions.
é/\,ba’}r- } A&&ﬁw&‘\
AND

BRIAN J. HE

Copy to: (wjc encl)
NSB New London, R. Brown
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sample volume requirements for chemical analysis. The use of drilling fluids is prohibited while drilling. All
samples recovered from the boreholes will be screened with a PID or FID organic vapor monitor. Chemical
analysis for individual borings is described in the following sections.

3.4.1 OT-10

A total of eight borings shall be drilled at OT-10 at the proposed locations shown on Figure 3-1. Borings
will be advanced to the water table. Soil samples will be collected continuously from each soil boring at
2-foot intervals for the entire length of the boring to log physical characteristics (such as color, lithology, and
moisture) of the soil and any visible evidence of contamination. All soil samples shall be field screened with
a FID organic vapor monitor to estimate the vertical extent of contamination present. One soil sample will
be collected from each boring (MW-01 through MW-08) from immediately above the water table for
laboratory analyses to determine if contamination is present at that location. An additional four soil samples
will be collected at depth for analyses from borings based on the highest field screening resuits with a FID
or the presence of contamination based on visual observations, and/or noticeable odors, in order to
determine the vertical extent of contamination present. The soil sampies taken from immediately above the
water table in the downgradient well borings MW-02, MW-03, MW-04, MW-06, MW-07, MW-08 and the four
additional soil samples based on FID results will be analyzed for TPH and BTEX, as these are the
contaminants most likely to be encountered at this site. Soil samples collected from the upgradient well
(MW-01) and from the well (MW-05) downgradient of the leaking tank will be analyzed for TPH, TCL volatiles,
TCL semivolatiles, TCL pesticides/PCBs, TAL metals and full TCLP to identify the presence of the
contaminants of concern in the soil, and also to identify contamination from any extraneous upgradient

sources or contamination downgradient, respectively.
3.4.2 B-325

A total of seven borings shall be drilled at B-325 at the proposed locations shown on Figure 3-2. Borings
will be advanced to the water table. Soil samples will be collected continuously from each soil boring at
2-foot intervals for the entire length of the boring to log physical characteristics (such as color, lithology, and
moisture) of the soil and any visible evidence of contamination. All soil samples shall be field screened with
a FID organic vapor monitor to estimate the vertical extent of contamination present. One soil sample will
be collected from each boring (MW-1 through MW-4 and SB-5 through SB-7) from immediately above the
water table for laboratory analyses to determine if contamination is present. An additional four soil samples
will be collected at depth for analyses from borings based on the highest field screening results with a FID
or the presence of contamination based on visual observations, and/or noticeable odors, in order to

determine the vertical extent of contamination present. All soil samples collected will be analyzed for TPH
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and BTEX, as these are the contaminants most likely to be encountered at this site. In addition, the soil
sample collected from the downgradient well MW3 will be analyzed for full TCLP to identify contaminants
which may infiuence soil remediation.

3.5 MONITORING WELL CONSTRUCTION

Eight permanent monitoring wells will be installed at OT-10, and four permanent wells will be instailed at
B-325.

After the soil borings have been drilled to the desired depth using holiow-stem augers (8-inch minimum
borehole diameter), the well screen and riser pipe will be installed through the augers to the desired depth.
The well screen will intersect the water table, and the top of the well screen will be at least 2 feet above the
static water elevation to allow for seasonal fluctuation of the water table. The annuius of the boring around
the well screen will be backfilled with clean silica sand to a depth of at least 1 foot above the well screen.
A bentonite pellet seal (minimum 2-foot thickness) will then be installed above the sand pack and allowed
to hydrate as per manufacturer's recommendations. The remainder of the boring annulus will be backfilled
to a depth of 1 foot below ground surface with a cement/bentonite grout using a tremie pipe.

All monitoring wells will be constructed of 2-inch inside diameter, Schedule 40 PVC, flush-joint riser pipe and
flush-joint, factory-slotted well screen. All well screens will be 10 feet in length and have a slot size of
0.010 inch.

A 6- or 8-inch steel protective casing will be installed flush with ground surface around each monitoring well.
A sloping concrete pad will be constructed around the flush-mounted casing to prevent pooling of water
over the well. A monitoring well construction form will be completed for each monitoring well in accordance

with SOP GH-1.7. A typical monitoring well construction diagram is given in Figure 3-3.

All monitoring wells will be developed to remove any fine material from the area around the well screen.
The monitoring wells will be developed by air lift, bailing and surging, or pumping, as determined by the field
geologist. Each monitoring well will be developed until the water removed is visibly clear of suspended
solids or until approved by the field geologist. Wells will not be developed until a minimum of 24 hours has
elapsed after installation of the cement/bentonite grout.

Based on the soil boring and monitoring well installation techniques outlined above for sites at OT-10 and
B-325, the following guidelines under EPA Technical Standards for Owners and Operators of Underground
Storage Tanks (Federal regulations 40 CFR 280.43) will be satisfied.

R-07-94-17 3-10
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The slotted portion of the monitoring well casing will be designed to prevent migration of natural
solls or filter pack into the well and to allow entry of regulated substance on the water table into
the well under both high and low groundwater conditions.

The monitoring wells will be sealed from the ground surface to the top of the filter pack.

The monitoring wells will intercept the excavation zone, or will be as close as technically feasible.

The methods used to check for fioating product will be able to detect at least one-eighth inch
of floating product on top of groundwater in the monitoring wells.

The monitoring wells will be positioned to detect releases from any portion of the tanks or lines
that routinely contain product.

Monitoring wells will be clearly marked and secured to avoid unauthorized access and
tampering.

In addition, site conditions present at OT-10 and B-325 conform with the following requirements established
by Federal Regulations 40 CFR 280.43:

3.5.1

The regulated substances in the tanks (waste oil and diesel fuel) are immiscible in water and
have a specific gravity of iess than one.

The groundwater at these sites is approximately 5 feet from ground surface, and is never more
than 20 feet from ground surface. The soils underlying the site are permeable, and consist of

fine to coarse sands and have hydraulic conductivities of greater than 0.01 cm/sec.

Permanent Monitoring Wells at OT-10

A total of eight wells will be installed at OT-10 to determine the extent of groundwater contamination, if

present, at the site. In addition, all eight wells will serve as a permanent leak detection system for the tanks

at OT-10, which will continue to receive waste oil from oil-water separator activities. Proposed well locations
are shown on Figure 3-1. One well (MW-01) will be located in the inferred upgradient direction (east) from
the tanks at OT-10. This well will determine the base line quality of groundwater upgradient of the site and
will aid in defining groundwater flow direction. Two monitoring wells (MW-02 and MW-03) will be located

R07-94-17
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downgradient of tank NN-02 and the associated supply lines. These wells will detect any contamination
which may be currently present, and will be part of the leak detection program for this tank and the supply
lines. One well (MW-04) will be located immediately downgradient from the truck dumping pad to determine
groundwater quality in this area, and to detect any future releases which may occur from this pad or the
8-inch line, which runs from the pad to tank NN-03. Two wells (MW-05 and MW-06) will be located directly
downgradient from tank NN-02 to detect any groundwater contamination which may have been released
from this tank. Two wells (MW-07 and MW-08) will be located directly downgradient of the oil/water
separator to determine if any releases have occurred.

3.5.2 Permanent Monitoring Wells at B-325

A total of four permanent monitoring welis will be installed at B-325 to determine the extent of groundwater
contamination, if present, at the site. In addition, these welis will be used as part of the leak detection
system for the remaining tank and its supply and return lines at B-325, which will continue to supply No. 2
fuel oil to Building 325. Proposed well locations are shown on Figure 3-2. One monitoring well (MW-2) will
be located upgradient from tanks RO1R1 and R02 and their associated lines. This well will determine the
baseline quality of groundwater upgradient of the site and will also aid in determining groundwater flow
direction at this site. One monitoring well (MW-1) will be located downgradient of tank RO1R1 and
associated lines, and two monitoring wells (MW-3 and MW-4) will be located downgradient of tank R02 and
its fill and vent lines. The downgradient wells will detect any groundwater contamination which may have
been released by the tanks RO1R1 or R02 and identify which tank has leaked. It will also be used as part

of the leak detection system for the site.
3.6 GROUNDWATER SAMPLING

Groundwater samples will be collected using a peristaltic sampling pump with a low-flow sample rate to
minimize sample turbidity. Prior to obtaining the groundwater samples, the static water level shall be
measured to determine the amount of water in one casing volume. The wells shall be purged at a rate of
0.3 liters per minute using a low-flow suction lift peristaltic pump and dedicated hose to minimize turbulence.
Measurements of pH, specific conductance, temperature, oxidation reduction potential (REDOX), and
turbidity shall be recorded every 5 minutes during purging in accordance with SOP SF-1.1. If two
consecutive readings of pH, specific conductance, temperature, REDOX, and turbidity are similar
(£10 percent) after three well volumes have been purged, then the well may be sampled. Purging wil
continue until stabilization of readings is achieved or a maximum of five casing volumes is purged, whichever
occurs first. One measurement of dissolved oxygen shall also be taken prior to sample collection, in

accordance with SOP SF-1.1. if the well Is purged dry before three casing volumes, the water level will be
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allowed to recover and a sample shall be taken. In the event that recovery is too slow to adequately fill all
sample bottles, the sample shall be collected the following day.

The wells shall be sampled directly from the pump outlet for all analytes except volatile analyses with a flow
rate of 0.3 liters per minute. Sample vials for volatile analyses will be filled by crimping the discharge end
of the sample tubing when filled, while removing the inlet end of the sample tubing from the well. The inlet
end will be suspended above the vial and the discharge end will be opened, allowing water to fill each vial
by gravity flow. Purge water shall be containerized pending analysis. The groundwater samples shall be
collected in accordance with SOP SA-1.1.

3.6.1 OT-10

Groundwater samples will be collected from each of the eight monitoring wells. Samples from the
upgradient well (MW-01) and from wells immediately downgradient tanks NN-02 and NN-03 (MW-03 and
MW-05) will be analyzed for TCL volatiles, TCL semivolatiles, TCL pesticides/PCBs, and TAL metals to
identify the presence of the contaminants of concern in the groundwater and to provide a broad
characterization of groundwater quality at the site. Samples from the remaining wells downgradient of the
fuel lines, the truck dumping pad and the oil /water separator (MW-02, MW-04, MW-06, MW-07, and MW-08)
will be analyzed for TPH and BTEX to identify the presence of the contaminants of concern in the
groundwater in these areas. A summary of the samples to be collected at OT-10 is included in Table 3-1.

3.6.2 B-325

Groundwater samples will be collected from each of the monitoring wells. All samples will be analyzed for
TPH and BTEX to identify the presence of the contaminants of concern in the groundwater and to provide
a broad characterization of groundwater quality at the site. A summary of the sampiles to be collected at
B-325 is included in Table 3-1.

3.7 WASTE WATER/WASTE OIL SAMPLING

Contaminants in the tanks at OT-10 are presently unknown. The waste oil and waste water at OT-10 will be
sampled to determine which compounds are present in the waste material. One waste water sampie will
be taken from the 30,000-gallon tank (NN-03), and one waste oil sample will be taken from the 10,000 gallon
tank (NN-02). Both the waste oil and waste water samples will be analyzed for TPH, TCL volatiles, TCL
semivolatiles, TCL pesticides/PCBs and TAL metals to fully identify any possible contaminants.
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The waste oil and waste water will be sampled using a kemmerer sampler lowered into the tank through the
manhole or other opening. [f possible, the level of waste oil and/or waste water in each tank will be
determined before sampling using a hydrocarbon interface probe. The NN-03 tank contains both oil and
water. The waste water sample will be collected from the bottom of the tank. Tank NN-02 contains only
waste oil, and the waste oil sample will be collected from the top layer of the tank. One measurement of
pH, specific conductance, temperature, ORP, and dissolved oxygen will be taken prior to sample collection
in accordance with SOP SF-1.1.

3.8 WATER LEVEL MEASUREMENTS

Two complete rounds of water elevations will be collected at each site to determine groundwater flow
directions. Groundwater level measurements will be taken from newly installed monitoring wells. Water
levels will be taken using a hydrocarbon interface probe, which can detect the presence or absence of
floating hydrocarbons on the surface of the water table.

In addition to water level measurements, the top of the water table at each well will be observed using a
clear bailer to confirm the presence or absence of a fioating product layer. The bailer will be lowered down
the well and submerged less than the total length of the bailer, then removed and visually examined. This
method will allow the field geologist to observe the apparent thickness and characteristics of any petroleum
layer which may be present. This method can also be used to observe a thin film which may not be
detectable by the hydrocarbon interface probe.

3.9 DECONTAMINATION
The equipment involved in field sampling activities will be decontaminated prior to and during drilling and
sampling activities. This equipment includes downhole drilling tools, augers, and all non-dedicated sampling

equipment. Specific decontamination procedures are discussed in the following subsections.

3.9.1 Major Equipment

All downhole drilling equipment and sampling tools shall be steam cleaned prior to beginning work, between
well borings, any time the drilling rig leaves the site prior to completing a boring, and at the completion of
the drilling program. in addition, well riser pipe and screen shall be steam cleaned prior to being installed

into the borings unless the well materials arrive at the site in factory sealed plastic covers.
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These decontamination operations will consist of washing the equipment using a high-pressure steam wash.
All decontamination activities will take place at the designated decontamination area. Additional
requirements for drilling equipment decontamination can be found in Halliburton NUS SOP GH-1.6.

3.9.2 Sampling Equipment

All sampling equipment used for collecting samples (i.e., split-spoons, bailers) will be decontaminated both
prior to field sampling and between samples, in accordance with SOP SF-23. The following

decontamination steps will be taken:

Potable water and Alconox or Liquinox detergent wash
Potable water rinse

Methanol rinse

Hexane rinse

Distilled /Deionized water rinse (analyte free)

Air dry

Field analytical equipment such as instrument probes will be rinsed first with analyte-free water, then with

the sample liquid.

3.10 WASTE HANDLING

All decontamination and purge liquids will be collected, containerized, and stored on site in Department of
Transportation (DOT)-approved (Specification 17-C), 55-galion drums. Al drill cuttings will also be collected
and stored on site in the DOT-approved drums. All drums will be sealed and labeled with drum contents,
well/boring number, site or origin, volume, and date. The drums will be stored at a centralized location on
base pending analyses results. Halliburton NUS will dispose of the waste in an appropriate manner based
on the analyses results.

3.1 SAMPLING IDENTIFICATION SYSTEM
Each sampile collected will be assigned a unique sample tracking number. The sample tracking number will
consist of a four-segment, alpha-numeric code that identifies the site, the sample medium and location, and

sample depth (in the case of soil samples). Any other pertinent information regarding sample identification
will be recorded in the field log books and sample logsheets.
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The alpha-numeric coding to be used in the sample system is explained in the following diagram and the
subsequent definitions:

(AANNN) - (AANN) - (NNNN)
(Site) (Medium & Location) (Sample depth)

Character Type:

A =  Alpha

N = Numeric
Site:

o710 =  Qil Tank 10 Site

B325 =  Building 325 Site
Medium:

GW = Groundwater

SO = Soil samples

Sample Location:

Monitoring well or soil boring number (numeric, starting with 01 for each medium)
Sample Depth:

For soil samples only = Start and end depth, in feet, of sample

Example: A soil sample taken from the OT-10 site from well boring MW01 at a depth of 2 to 4 feet would
be numbered OT10-S001-0204.

Field quality control (QC) samples will be designated using a coding system. QC samples such as
duplicates, field blanks, trip blanks and rinsate blanks will be nhumbered sequentially, with each successive

QC sample designation being increased by one, per sample, regardless of media. The designation will
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consist of a two-segment, alpha-numeric code that identifies the QC sample identifier and number. Note
that the time for duplicates will be noted as 0000 on the sample labels and the chain-of-custody. The actual
time of sampling and duplicate sample location will be noted in the field notebook and on the sample log
sheets. This will allow duplicates to be shipped to the laboratory without providing information as to their
location. Following is a summary of the QC sample coding system.

DUPLICATE =  Duplicate sample
TB = Trip Blank

FB =  Field Blank

RB =  Rinsate Blank

Examples: The first sampie duplicate would be designated as:
DUPLICATE-01, with time noted on the sample label and chain-of-custody as 0000.
The second duplicate, regardless of media, would be labeled as:
DUPLICATE-02, with time noted on the sample label and chain-of-custody as 0000.
Other QC samples will be labeled in a similar fashion.
3.12 SAMPLE PRESERVATION, PACKAGING AND SHIPPING
Samples will be preserved in accordance with SOP SF-1.2. Sample bottle requirements, preservation
requirements, and holding times are provided in Table 3-2. Samples will be packaged and shipped in
accordance with Halliburton NUS SOP SA-6.2. The following forms will be completed during the field
activity:
o  Sample Labels
e  Chain-of-Custody Forms
[ ] Chain-of-Custody Seals
° Sample Logsheets

e  Ovemnight Courier Air Bills

Copies of applicable forms are included in Halliburton NUS SOP SA-6.4
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TABLE 3-2

SUMMARY OF ANALYSIS, BOTTLE REQUIREMENTS, PRESERVATION REQUIREMENTS

AND HOLDING TIMES
OT-10 AND B-325 SITES

NSB-NLON, SUBASE, NEW LONDON, CONNECTICUT

No. of

. . . . Preservation T
Media Analysis Containers Container Type Requirements Holding Times'
Per Sample
Groundwater/ | TPH 1 1-L glass :LZCS O PH <2 |4 days
Aqueous Tank
Contents BTEX 2 40-mL VOA vial HCI, pH < 24°C | 14 days
TCL vOC 3 40-mL VOA vial HCl, pH < 24°C 14 days
. o 7 days to extract;
TCL Semivolatiles 1 1/2-gallon amber glass jug 4°C 40 days to analyze
HNQO,, pH < 2 180 days;
- 3 ] 3
TAL Metals 1 1-L polyethylene bottle 4°C Hg 28 days
" o 7 days to extract;
TCL Pesticides/PCBs 1 1/2-gallon glass jug 4°C 40 days to analyze
TPH 1 4-0z. clear wide-mouth glass jar | 4°C 28 days
BTEX 1 4-o0z. clear wide-mouth glass jar | 4°C 14 days
TCL VOC 1 60-mL glass VOA vial 4°C 14 days
. ; o 7 days to extract;
Soil /Ol Tank TCL Semivolatiles 1 8-0z. clear wide-mouth glass jar | 4°C 40 days to analyze
Contents
. . o 180 days;
TAL Metals 1 4-02. clear wide-mouth glass jar | 4°C Hg 28 days
Full TCLP 1 4-o0z. clear wide-mouth glass jar | 4°C 7 days
TCL Pesticides/PCBs 1 8-0z. clear wide-mouth glass jar | 4°C 7 days to extract,

40 days to analyze

n

Holding times measured from date of sample collection.




3.13

SAMPLE CUSTODY

Custody of samples must be maintained and documented at all times. Chain-of-custody begins with the
collection of the samples in the field. Section 5.3 of Halliburton NUS SOP SA-6.1 provides a description of
the chain-of-custody procedures to be followed.

3.14

QUALITY CONTROL SAMPLES

In addition to standard sample acquisition, quality control (QC) samples will be collected or generated during

the sampling activities. QC samples include trip blanks, field duplicates, field blanks, and equipment rinsate

blanks. Table 3-1 presents the type and number of required QC samples. Each type of field QC sample

is defined as follows:

R-07-94-17

Trip Blanks. Trip blanks are samples which originate from analyte-free water collected in
sample vials at the point of origin of the sample containers. The vials are shipped with the
sample containers to the sampling site and returned to the laboratory with the Volatile Organic
Compound (VOC) or BTEX samples. One trip blank is assigned to each cooler containing VOCs
or BTEX. Trip blanks are only analyzed for VOCs or BTEX.

Field Duplicates. A field duplicate is one sample collected that is split into two portions and

analyzed in duplicate. Field duplicates are obtained during a single act of sampling and are
used to assess the overall precision of the sampling and analysis program. Field duplicates shall
be analyzed in the laboratory for the same parameters as the associated environmental samples.
The time for duplicates will be noted as 0000 on the sample labels and the chain-of-custody.
The actual time of sampling and duplicate sample location will be noted in the field notebook
and on the sample log sheets.

Equipment Rinsate Blanks. Equipment rinsate blanks are obtained under representative field

conditions by running analyte-free water through sample collection equipment (split-spoon or

chisel) after decontamination and placing the runoff water in the appropriate sample containers
for analysis. Equipment blanks will be used to assess the effectiveness of decontamination
procedures. Equipment blanks will be collected for each type of nondedicated sampling
equipment used and will be submitted at a frequency of one per day per sampling event.
However, only every other day’s samples will be analyzed. Those not analyzed will be marked
*hold" on the associated chain-of-custody form and will be retained by the laboratory until
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completion of field activities. Equipment rinsate blanks are analyzed for the same parameters
as the associated samples.

e Field Blanks. Field blanks are obtained by sampling the water(s) used for decontamination
during the field investigation. Samples consist of the source water used in: (1) steam cleaning
of large equipment and (2) analyte-free water used for decontamination of sampling equipment.
Field blanks will be used to confirm the effectiveness of decontamination procedures, and to
determine If the analyte-free water or the potable water (used for steam cleaning) may be
contributing to sample contamination. Field blanks will be collected for each type of water used
for decontamination and will be submitted at a frequency of one per source per sampling event
(two estimated). Field blanks are analyzed for the entire suite of project parameters (excluding
TCLP analyses).

3.15 EQUIPMENT CALIBRATION

Several monitoring instruments may be used during field activities; these include
° Organic vapor monitor
e  Temperature probe

e  Specific conductance meter

L pH meter

Turbidity meter

e  Oxidation reduction potential meter
e  Dissolved Oxygen meter
e  Electronic water level meter

The electronic water level meter will be calibrated prior to mobilization and periodically at the discretion of
the FOL. The remaining instruments will be calibrated daily or according to the manufacturer’s operating

manual.

Calibration will be documented in the field logbook. During calibration an appropriate maintenance check
will be performed on each piece of equipment. If damaged or defective parts are identified during the
maintenance check and it is determined that the damage could have an impact on the instrument’s

performance, the instrument will be removed from service until the defective parts are repaired or replaced.
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3.16 RECORD KEEPING

In addition to the previously mentioned forms, other types of records must be kept. These records include

notebooks and logbooks.

A bound/weatherproof field notebook shall be maintained by the field crew. All information related to
sampling or field activities will be recorded in the field notebook. This information will include, but is not
limited to, sampling time, weather conditions, unusual events, field measurements, descriptions of

photographs, etc.

A bound/weatherproot site logbook shall be maintained by the FOL. The requirements of the site logbook
are outlined in Halliburton NUS SOP SA-6.3, Sections 5 and 7. This book will contain a summary of the
day’s activities and will reference the field notebooks when applicabie.

At the completion of field activities, the FOL shall submit to the Project Manager (PM) all field records, data,
field notebooks, logbooks, chain-of-custody receipts, sample logsheet, drilling logs, etc. Required changes
to the work plan will be discussed with the PM/FOL, and the PM will discuss these changes with the Navy
RPM. Any changes to this work plan made in the field will be documented via Task Modification Request
forms. A copy of the loghook will be made and sent to NORTHDIV.

3.17 SURVEYING

The locations of all newly installed permanent monitoring wells will be surveyed by a licensed surveyed. The
horizontal location and vertical elevation of each well will be noted, including the elevation of the riser, top
of casing and ground surface elevation at the well. Elevations will be reported in feet above mean sea level
to the nearest 0.01 foot. Surveying will utilize pre-existing reference points and/or existing survey
monuments from previous surveying events.
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STANDARD OPERATING PROCEDURES

GH-1.3 Soil and Rock Sampling

GH-1.5 Borehole and Sample Logging

GH-1.6 Decontamination of Drilling Rigs and Sample Equipment
GH-1.7 Groundwater Monitoring Point Installation

GH-2.5 Water Level Measurement/Contour Mapping

SA-1.1 Groundwater Sample Acquisition

SA-6.1 Sample Identification and Chain-of-Custody

SA-6.2 Sampling Packaging and Shipping

SA-6.3 Site Logbook

SA-6.4 Forms Used in RI Activities

SF-1.1 On-Site Water Quality Testing

SF-1.2 Sample Preservation

SF-2.3 Decontamination of Chemical Sampling and Field Analytical Equipment

ASTM D 1586-84 Penetration Test and Split-Barrel Sampling of Soils
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Subject Number Page

GH-1.3 30f13

SOIL AND ROCK SAMPLING Revision : Etfective Date
2 05/04/90

5.0 PROCEDURES
5.1 SUBSURFACE SOIL SAMPLES

Subsurface soil samples are used to characterize subsurface stratigraphy. This characterization can
indicate the potential for migration of chemical contaminants in the subsurface. In addition,
definition of the actual migration of contaminants can be obtained through chemical anaiysis of the
soil samples. Where the remedial activities may include in-situ treatment or the excavation and
removal of the contaminated soil, the depth and areal extent of contamination must be known as
accurately as possible.

Engineering and physical properties of soil may also be of interest should site construction activities |
be planned. Soil types, grain size distribution, shear strength, compressibility, permeability, plasticity,
unit weight, and moisture content are some of the physical characteristics that may be determined
for soil samples.

Penetration tests are also described in this procedure. The tests can be used to estimate various
physical and engineering parameters such as relative density, unconfined compressive strength, and
consolidation characteristics of soiis.

The procedures described here are representative of a larger number of possible drilling and
sampling techniques. The choice of techniques is based on a iarge number of variables such as cost,
DQOs, local geology, etc. The final choice of methods must be made with the assistance of drilling

subcontractors familiar with the local geologic conditions. Alternative techniques must be based
upon the underlying principles of quality assurance impiicit in the following procedures.

5.1.1 Equipment
The following equipment is used for subsurface soil sampling and test boring:
® Driliing equipment, provided by subcontractor.
e Split barrel (split spoon) samplers, OD 2 inches, ID 1-3/8 inches, either 20-inch or 26 inches
long. Larger O.D. samplers are available if a larger voiume of sampie is needed. A common
size is 3-inch O.D. (2-1/2-inch I.D.).
¢ Thinwalled tubes (Sheiby), 0.D. 2 to 5 inches, 18 to 54 inches long.

® Drive weight assembiy, 140-Ib. ( * 21b.) weight, driving head and guide permitting free fall
of 30inches (£ 1 inch).

® Drive weight assembly, 300-Ib. (£ 21b.) weight, driving head and guide permitting free fall
of 18inches{ £ 1inch).

® Accessory equipment, including labels, logbook, paraffin, and sampie jars.
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5.1.2 Split Barrel (Split S n) Sampling (ASTM D1586-84

The following method will be used for split barrel sampling:

Clean out the borehole to the desired sampling depth using equipment that will ensure
that the material to be sampled is not disturbed by the operation. In saturated sands and
silts, withdraw the drill bit siowly to prevent loosening of the soil around the hole and
maintain the water level in the hole at or above groundwater level.

Side-discharge bits are permissible. A bottom-discharge bit shall not be used. The process
of jetting through an open tube sampier and then sampling when the desired depth is
reached shall not be permitted. Where casing is used, it may not be driven below the
sampling elevation.

‘install the split barrel sampler and sampling rods into the boring to the desired sampling

depth. After seating the sampier by means of a single hammer blow, three 6-inch
increments shall be marked on the sampling rod so that the progress of the sampler can be
monitored.

The 2-inch OD split barrel sampler shall be driven with blows from a 140-b. (£ 21ib.)
hammer falling 30inches (* 1inch) until either a total of 50 blows have been applied
during any one of the three 6-inch increments, a total of 100 biows have been applied,
there is no observed advance of the sampler for 10 successive hammer blows, or until the
sampler has advanced 18inches without reaching any of the blow count limitation
constraints described herein. This process is referred to as the Standard Penetration Test.

A 300-Ib. weight falling 18 inches is sometimes used to drive a 2-1/2-inch or 3-inch 0.D.
spoon sampler. This procedure is used where dense materials are enountered or when a
large volume of sample is required. However, this method does not conform the ASTM
specifications.

Repeat this operation at intervals not greater than.5 feet in homogeneous strata, or as
specified in the sampling plan.

Record the number of blows required to effect each 6 inches of penetration or fraction
thereof. The first 6inches is considered to be seating drive. The sum of the number of
bloyvs required for the second and third 6 inches of penetration is termed the penetration
resistance, N. If the sampler is driven less than 18 inches, the penetration resistance is that
for the last 1 foot penetrated.

Bring the sampler to the surface and remove both ends and one half of the split barrel so
that the soil recovered rests in the remaining half of the barrel. Describe carefully the
sample interval, recovery (length), composition, structure, consistency, color, condition,
etc., of the recovered soil then put a representative portion of each sampie into a jar,
without ramming. Jars with samples not taken for chemical analysis shall be sealed with
wax, or hermetically sealed (using a tefion cap liner) to prevent evaporation of the soil
moisture, if the sample is to be |later evaluated for moisture content. Affix labels to the jar
and. complete Chain-of-Custody and other required sample data forms. Protect sampies
against extreme temperature changes and breakage by placing them in appropriate
cartons stored in a protected area. Pertinent data which shall be noted on the label or
written on the jar lid for each sampie inciudes the project number, boring number, sample
number, depth interval, biow counts, and date of sampling.
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® An addition to the sampier mentioned above is an internal liner, which is split
longitudinally and has a thin-wall brass, steel, or paper liner inserted inside, which will
preserve the sample. However, since the development of the thin-walled samplers

(mentioned below) the spiit barrel sampier with liner has deciined in use.

5.1.3 Thin Walled Tube (Shelby Tube) Sampling (ASTM D1587-83)

When it is desired to take undisturbed samples of soil, thin-walied seamiess tube sampiers (Shelby
tubes) will be used. The following method will be used:

Clean out the borehole to the sampling depth, being careful to minimize the chance for -
disturbance of the material to be sampied. In saturated materials, withdraw the drill bit
slowly to prevent loosening of the soil around the borehole and maintain the water levei in
the hole at or above groundwater level.

The use of bottom discharge bits or jetting through an open-tube sampler to ciean out the
hole shall not be allowed. Any side discharge bits are permitted.

A stationary piston-type sampier may be required to limit sample disturbance and aid in
retaining the sample. Either the hydraulically operated or control rod activated-type of
stationary piston sampler may be used. Prior to inserting the tube sampier in the hole,
check to ensure that the sampler head contains a check valve. The check valve is necessary
to keep water in the sampling rods from pushing the sample out of the tube sampler
during sampie withdrawal and to maintain a suction within the tube to help retain the
sample.

To minimize chemical reaction between the sampie and the sampling tube, brass tubes
may be required, especially if the tube is stored for an extended time prior to testing.
While steel tubes coated with shellac are less expensive than brass, they are more reactive,
and shall only be used when the sample will be tested within a few days after sampling or if
chemical reaction is not anticipated. With the sampling tube resting on the bottom of the
hole and the water level in the boring at the groundwater ievel or above, push the tube
into the soil by a continuous and rapid motion, without impacting or twisting. In no case
shall the tube be pushed farther than the length provided for the soil sampie. Aliow about
3inches in the tube for cuttings and sludge.

Upon removal of the sampier tube from the hole, measure the length of sample in the tube
and aiso the length penetrated. Remove disturbed material in the upper end of the tube
and measure the length of sample again. After removing at least an inch of soil from the
iower end and after inserting an impervious disk, seal both ends of the tube with at least a
1/2-inch thickness of wax applied in a way that will prevent the wax from entering the
sampie. Newspaper or other types of filler must be placed in voids at either end of the
sampler prior to seaiing with wax. Place plastic caps on the ends of the sampler, tape in the
caps place, and dip the ends in wax.

Affix labels to the tubes as required and record sample number, depth, penetration, and
recovery iength on the iabel. Mark the same information and “up” direction on the tube
with indelible ink, and mark the end of the sampie. Complete Chain-of-Custody and other
required forms. Do not aliow tubes to freeze and store the samples vertically (with the
same orientation they had in the ground, i.e., top of sample is up) in a cool place out of the
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sun at all times. Ship sampies protected with suitable resilient packing material to reduce
shock, vibration, and disturbance.

‘Thin-walled undisturbed tube samplers are restricted in their usage by the consistency of the soil to
be sampled. Often, very ioose and/or wet sampies cannot be retrieved by the samplers, and soils with
a consistency in excess of very stiff cannot be penetrated by the sampler. Devices such as Denison or
Pitcher core samplers can be used to obtain undisturbed samples of stiff soils. Using these devices
normally increases sampling costs and therefore their use shall be weighed against the increased cost
and the need for an undisturbed sample. In any case, if a sample cannot be obtained with a tube
sampler, an attempt shall be made with a split barrel sampler at the same depth so that at least a
sample can be obtained for classification purposes.

S.1.4 Continuous Core Soil Samples

The CME continuous sampie tube system provides a method of sampling soil continuously during
holiow stem augering. The 5-foot sample barrel fits within the iead auger of a holiow auger column.
The samping system can be used with a wide range of |.D. holiow stem augers (from 3-1/4-inch to
8-1/4-inch 1.D.). This method has been used to sampie many different materials such as glacial drift,
hard clays and shales, mine tailigs, etc. This method is particuiarly used when SPT samples are not
required and a large volume of material is needed. Also, this method is useful when a visual
description of the subsurface lithology is required.

53 SURFACE SOIL SAMPLES

For looselypacked earth or waste pile samples, stainiess steel scoops or trowels can be used to collect
representative~samples. For densely packed soiis or deeper s0il samples, a hand or petver soil auger
may be used.

The foliowing methods aréxgQ be used:

® Use a soil auger for deepsampies (6 to 24 inches) or a se6op or trowel for surface sampies.
Remove debris, rocks, twigsh\qnd vegetation beforecoliection of soil. Mark the location
with a numbered stake if possibl®and locate sarpgfie points on a sketch of the site.

® Use a new or freshiy-decontaminated sifipier for each sample taken. Attach a label and
identification tag. Record all requiged information in the field logbook and on the sample
log sheet, Chain-of-Custody recprd, and other reqdiged forms.

® Pack and ship according

® When a represprative composited sample is to be prepared (eXg._samples taken from a
gridded area®r from several different depths), it is best to compositeNrdividual samples in
the labprétory where they can be more precisely composited on a weightqr volume basis.
If thiS"1s not possible, the individual samples (all of equal volume, i.e., the s3mple bottles

all be full) shall be placed in a decontaminated stainiess steel bucket, mixed tho pughly
using a stainiess steel spatula or trowel, and a composite sample collected.
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5.3 WASTE PILE SAMPLES

usually sufficient for most conditions. Layered (nonhomogeneous) piles require the

tube saimplers to obtain cross-sectional sampies.
® Colect small, equal portions of the waste from several points around the pile nétrating
it asar as practical. Use numbered stakes, if possible, to mark the sampling/{locations and
locate dampling points on the site sketch.
e Place the waste sampie in a glass container. Attach a label and idenrfication tag.| Record

all the requireq information in the field logbook and on the samgle log sheet and other
required forms.

For layered, nonhomogeneous hjles, grain samplers, sampling triers, gr waste pile samplers must be
used at several representative locawsons to acquire a cross-section of the pile. The basic steps to obtain
each sample are T

® Insert a sampler into the pile at a 0- to 45-degreg”angle from the horizontal to minimize
spillage.

® Rotate the sampler once or twice to cul\a gére of waste material. Rotate the grain sampler
inner tube to the open position and n shake the sampler a few times to allow the
material to enter the open slits. Moyé the’sampler into position with slots upward (grain
sampier closed) and siowly withdraw from the'nile.

5.4 ROCK SAMPLING (CORING) (ASTM D2113-83)

Rock coring enables a detailed assesSment of borehole conditioni\to be made, showing predcisely all
lithologic changes and characterigfics. Because coring is an expensiva drilling method, it is commonly
used for shallow studies of 500 feet or less, or for specific intervalsNp the drill hole that [require
detailed logging and/or anafyzing. It can, however, proceed for thousands of feet continuously,
depending on the size of 3ife drill rig. it yields better quality data than air rdgary drilling, althpugh at
a substantially reduced drilling rate. Rate of drilling varies wideiy, depending dn the characteriistics of
lithologies encounteréd, drilling methods, depth of drilling, and condition ofNgrilling equipment.
Average output ind 10-hour day ranges from 40to over 200 feet. Downhole geophiysical logging or
television camegd monitoring is sometimes used to compiement the data generated by\oring.

Borehole drameter can be drilied to various sizes, depending on the information needed\ Standard
sizes of ¢dre barrels (showing core diameter) and casing are shown in Attachment No. 1.

Corg/drilling is used when formations are too hard to be sampied by soil sampling methods afq a

gntinuous solid sample is desired. Usually, soil samples are used for overburden, and coring begins
sound bedrock. Casing is set into bedrock before coring begins to prevent loose materiai from
entering the borehole, to prevent loss of drilling fluid, and to prevent cross contamination of
aquifers.
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ATTACHMENT 1
\ STANDARD SIZES OF CORE BARRELS AND CASING /
o Nominal * Set size * '
ng bit size 50 o o0 )/b/
T N\ ' 3 1160 735
EWT N | 'r a8 1.470 908
EX, EXL,EwG, ewaN, ! & 3 476 848
AwT ' T ' g A srs | 281
AX,AXL, WG, AWM | 1 3 1 A rem | 189
BwT :d 4 2.348 | 750
ax.BxL.ews,ewd| 23 | \/% 2.348 1.688
NWT sV 2 968 2.313
NX,NXL,NWG, NWM 3 / 2¢ \ 2 968 2.159
Nw? Q 3 N3 3.187
Hwe 32 3 e 3.000
24 x 3L s - 2d 180 | 2%
484 s+ . S48 | 3970
6x 13 rd 6 7655 | g9
AX Wire line Lt & ' | 878 1.50\
LA Wire line Y 23.- & 2348 ThaAN
NX Wire line _LJ/ 3 ' 13 2 968 vesr |

% All dimensions ore :n inches,; to convert to miliimeters, muitiply by 254.
<L/ Wire line dimensions and designathons may vary occording t0 monufecturer
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ATTACHMENT 1
PAGE TWO /
\ Size Designations Casing coupling loor:':.:':;':r |
SING;

q . Core

couptiiy] Rod ; | Casing Casing | gy | Orill nwo

Casing [N\Rod | 0.0, &:‘; in:n' bit.0.04,:¢ an rod a0, inches"‘
. M 1 ’ J

bits;  fcoubings{ inches inches%| 'McMes

Core
berrel
bits
ax Rw | 143N 1437 | 1188 | 1485 | 1160 4 1094 | — 738
(33 E | 182 12 | 1500 1.375/?!6/|.313 848 | 908
AX A | 22% | 2250 1906 | 2345 | 1875 | 1625 | 1185 | 128¢

L} ] 8 2873 | 2878 75 |29 2.34% | 1908 | 1635 } 1730
NX N 3.500 | 3500 1S | 2965 | 2.37% | 2185 j2.313

HX HW | 4500 | 4500 | 3938 14.628 | 3890 | 3.500 | 3.000 | 3.187
| RW RW | 1437 1348 | 1960 | 10964 | — 738
1879

N

Ew Ew | 1812 1470 | 1379 543 908
aw AW | 22%0 2.348 78 | 1.750 | 1188 | 128!
8w Bw | 2873 2968 | 2 2125 | 1.65%3 | 1.7%0
NW NW | 35 3615 | 2968 628 | 2.198 | 2313
HW HW 400 4628 | 3890 | 3 3000 | 3187

Pw | — A 5300 60 | — | — N\ —| —

sw / 6629 6790 | — | — \ -

uw ' — | 7628 7800 | — | — | =\ —

/ - | se28 880 | — | — | — N\~
— |y | — | — [ — | — |is7s] 1130 | tooo

/—n_u— —_— | — | — {238 | 2200 143 —\

Flush joint\

No coupling

- NX Y/ -— — — -_— 2969 | 2813 | 1937 -_—

* For hole diometer approximgtion, assume gy inch larqer than core
barrel bit.

L/ Wire line size designchion, drill rod only, serves as bath casing and drill
rod. Wire iine core bit, and core diameters vary slightly gccording to
monufacturer.

NOMINAL DIMENSIONS FOR DRILL CASINGS AND
ACCESSORIES. (DiamonD Core DriILL MANUFACTURERS
ASSOCIATION). 288-D-2889.
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Nyilling through bedrock is initiated by using a diamond-tipped core bit threaded to a drill rod (ou}ér
cole barrel) with a rate of drilling determined by the downward pressure, rotation speed of drill nods,
drillixg fluid pressure in the borehole, and the characteristics of the rock (mineralogy, cemeniétion,

weathering).
5.4.1 Dia oﬁd Core Drilling

A penetration\of typically less than 6 inches per 50 blows using a 140-lb. hammer drgpping 30 inches
with a 2-inch spiit spoon sampier shall be considered an indication that soil sampliig methods may
not be applicable 3nd that coring may be necessary to obtain samples.

When formations are\encountered that are too hard to be sampled by soil ampling methods, the .
foliowing diamond core\grilling procedure may be used.

e Firmly seat a casihg into the bedrock or the hard material to frevent loose materiais from
entering the hole and to prevent the loss of drilling fluid rgturn. Level the surface of the
rock or hard materiahwhen necessary by the use of a fishplil or other bits. If the drill hole
can be retained open \without the casing and if crosy/contamination of aquifers in the
unconsolidated materials\s unilikely, it may be omitteg : :

e Begin the core drilling using\a double-tube swivgi-core barrel of the desired size. After
drilling no more than 10 feet (3\(n), remove the ¢bre barrel from the hole, and take out the
core. If the core blocks the flow &f the drilling/fluid during drilling, remove the core barrel
immediately. In soft materials, a lagge starjing size may be specified for the coring tools;
where iocal experience indicates satid{actgfy core recovery or where hard, sound materials
are anticipated, a smaller size or the sifgfe-tube type may be specified and ionger runs may
be drilled. NX/NW size coring equpmerit I the most commonly used size.

® When soft materials are encountered that phoduce less than 50 percent recovery, stop the
core drilling. If soil samples are desired, sekure such samples in accordance with the
procedures described in AST ethod D 1586 (Sylit Barrel Sampling) or in Method D 1587
(Thin-Walled Tube Sampling) for Sampling of Soilg (see Section5.1.1 and 5.1.2). Resume
diamond core drilling whepfrefusal materials are agalq encountered.

® Since rock structures arid the occurrence of seams, fissuhes, cavities, and broken areas are
among the most impértant items to be detected and descriped, take special care to obtain
and record these fefatures. if such broken zones or cavities prevent further advance of the
boring, one of the following three steps shall be taken: (1) cexient the hole; (2) ream and
case; or (3)case and advance with the next smaller size core\barrel, as the conditions
warrant.

® in soft, sgamy, or otherwise unsound rock, where core recovery may be difficult, M-design
core bafrels may be used. In hard, sound rock where a high percentage\Qf core recovery is
antig/pated, the single-tube core barrei may be empioyed.

5.4.2 RockAampie Preparation and Documentation

Once ti¥e rock coring has been completed and the core recovered, the rock core shall be xarefully
remo¥ed from the barrel, placed in a core tray (previously labeled “top” and “bottom” to\avoid
confusion), classified, and measured for percentage of recovery as well as the rock quality designation
(RQD). Each core shall be described, classified, and logged using a uniform system as presented\in
Procedure GH-1.5. If moisture c=~<ent will be determined or if it is desirable to prevent drying (e.Q\
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o prevent shrinkage of ciay formations) or oxidation of the core, the core shall be wrapped in plast;
slewves immediately after logging. Each plastic sleeve shall be iabeled with indelible ink. The borifig
numbder, run number, and the footage represented in each sieeve shall be included, as well as thé top

and bo¥om of the core run.

After sampliqQg, rock cores shall be placed in the sequence of recovery in well-construgted wooden
boxes provided,by the driliing contractor. Rock cores from two different borings shal)/not be placed
in the same coré\box unless accepted by the Site Geologist. The core boxes shall bé constructed to
accommodate at Naast 20linear feet of core in rows of approximately 5feetfach and shall be
constructed with hinded tops secured with screws, and a latch (usually a hook/And eye) to keep the
top securely fastened down. Wood partitions shall be placed at the end of each core run and
between rows. The deptih\from the surface of the boring to the top and bbttom of the drill run and -
run number shall be marked on the wooden partitions with indelibjé ink. A wooden partition
(wooden block) shall be placed at the end of each run with the depth of the bottom of the run
written on the block. These bldcks will serve to separate successive core runs and indicate depth
intervais for each run. The order oMNplacing cores shall be the sapte in all core boxes. Rock core shall
be placed in the box so that, when thé\box is open, with the ipSide of the lid facing the observer,the
top of the cored interval contained witkin the box is in the upper left corner of the box,and the
bottom of the cored interval is in the lowex right corner of the box (see Attachment 2). The top and
bottom of each core obtained and its true dwpth shall be ciearly and permanently marked on each
box. The width of each row must be compatibidwith/Ahe core diameter to prevent lateral movement
of the core in the box. Similarly, an empty spac®dn a row shall be filled with an appropriate filler
material or spacers to prevent longitudinal movespient of the core in the box.

The inside and outside of the core-box lid spall be marke¥ by ingdelible ink to show all pertinent data
on the box’s contents. At a minimum, thefollowing informatjon shall be included:

Project name

Project number

Boring number

Run numbers

Footage (depths

Recovery

RQD (%)

Box numper and total number of boxes for that boring (Example: Box 5\gf 7).

For easy retrieydl when core boxes are stacked, the sides and ends of the box shall also\be labeled and
inciude projéct number, boring number, top and bottom depths of core and box number.
Attachmept No. 2 illustrates a typical rock core box.

Prior fo final closing of the core box, a photograph of the recovered core and the labeling dq the
ingiie cover shall be taken. If moisture content is not critical, the core shall be wetted and wimed
glean for the photograph. (This will help to show true colors and bedding features in the cores).
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BOMING B8-3 ABC DISPOSAL
[ RuN OEPTH,FT  RECOVERYY%  RQD%
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SCREW HOLES
N e EPARATCRS
———— - V4
AN Z
BOTTOM
CORE BOX (O

ABC DISPOSAL

BORING 8-3

80X 2ot 3

CORE BOX (TOP VIEW)

CORE BOX (END VIEW)

TYP CORE BOX

NOT TO SCALE

ENUS

o A Halliburton Company
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1.0 PURPOSE

The purpose of this document is to establish standard procedures and technical guidance on borehoie
and sampie logging.

2.0 SCOPE

These procedures provide descriptions of the standard techniques for borehole and sampie iogging.
These techniques shall be used for each boring logged to provide consistent descriptions of
subsurface lithology. While experience is the only method to develop confidence and accuracy in the -
description of soil and rock, the field geologist/engineer can do a good job of classification by careful,
thoughtful observation and by being consistent throughout the classification procedure.

3.0 GLOSSARY
None.
4.0 RESPONSIBILITIES

Site_Geoloqgist - Responsible for supervising all boring activities and assuring that each borehole is
compietely logged. If more than one rig is being used onsite the Site Geologist must make sure that
each field geologist is properly trained in logging procedures. A brief review or training session may
be necessary prior to the start up of the field program and/or upon compietion of the first boring.

5.0 PROCEDURES

The classification of soil and rocks is one of the most important jobs of the field geologist/engineer.
To maintain a consistent flow of information, it is imperative that the field geologistvengineer
understand and accurately use the field classification system described in this SOP. This identification
1s based on visual examination and manual tests.

5.1 MATERIALS NEEDED
When iogging soil and rdck samples, the geoiogist or engineer may be equipped with the foliowing:

Rock hammer

Knife

Camera

Dilute HCI

Ruler (marked in tenths and hundreths of feet)
Hand Lens

5.2 CLASSIFICATION OF SOILS

All data shall be written directly on the boring log (Exhibit 4-1) or in a field notebook if more space is
needed. Details on filling out the boring log are discussed in Section 5.5.
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5.2.1 USCS Classification

‘Soils are to be classified according to the Unified Soil Classification System (USCS). This method of
classification is detailed in Exhibit 4-2. This method of classification identifies soil types on the basis of
grain size and cohesiveness.

Fine-grained soils, or fines, are smaller than the No. 200 sieve and are of two types: silt (M) and clay
(C). Some classification systems define size ranges for these soil particles, but for field classification
purposes, they are identified by their respective behaviors. Organic material (O) is a common
component of soil but has no size range; it is recognized by its composition. The careful study of the
USCS will aid in developing the competence and consistency necessary for the classification of soils.

Coarse grained soils shall be divided into rock fragments, sand, or gravel. The terms and sand and
gravel not oniy refer to the size of the soil particies but also to their depositional history. To insure
accuracy in description, the term rock fragments shall be used to indicate angular granular materiais
resulting from the breakup of rock. The sharp edges typically observed indicate littie or no transport
from their source area, and therefore the term provides additional information in reconstructing the
depositional environment of the soils encountered. When the term “rock fragments® is used it shall
be followed by a size designation such as (1/4inch®-1/2inche)” or “coarse-sand size” either
immediately after the entry or in the remarks column. The USCS classification would not be affected
by this variation in terms.

52.2 Color

Soil colors shall be described utilizing a single color descriptor preceded, when necessary, by a
modifier to denote variations in shade or color mixtures. A soil could therefore be referred to as
“gray” or “light gray” or “blue-gray.” Since color can be utilized in correlating units between
sampling locations, it is important for color descriptions to be consistent from one boring to another.

Colors must be described while the sample is still moist. Soil sampies shall be broken or spiit vertically
to describe colors. Samplers tend to smear the sample surface creating color variations between the
sampie interior and exterior.

The term “mottied” shall be used to indicate soils irregularly marked with spots of different colors.
Mottling in soiis usually indicates poor aeration and lack of good drainage.

Soil Color Charts shall not be used unless specified by the project manager.

5.2.3 Relative Density and Consistency

To classify the relative density and/or consistency of a soil, the geologist is to first identify the soil
type. Granular soils contain predominantly sands and gravels. They are noncohesive (particles do not
adhere well when compressed). Finer grained soils (silts and clays) are cohesive (particies will adhere
together when compressed).

The qensity of nongohesive, granular soils is classified according to standard penetration resistances
obtamgd from split barrel sampling performed according to the methods detailed in Standard
Operating Procedures GH-1.3 and SA-1.2. Those designations are:
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Designation ; S}andard Penetration
esistance {Blows per Foot)

Very loose Otod

Loose 51010

Medium dense 11t030

Dense 31t0S0

Very dense Over S50

Standard penetration resistance is the number of blows required to drive a split-barrel sampler with a
2-inch outside diameter 12 inches into the material using a 140 pound hammer falling freely through
30inches. The sampler is driven through an 18-inch sample interval, and the number of blows is
recorded for each 6-inch increment. The density designation of granular soils is obtained by adding
the number of blows required to penetrate the last 12 inches of each sample interval. it is important
to note that if gravel or rock fragments are broken by the sampler or if rock fragments are lodged in
the tip, the resuiting blow count will be erroneously high, reflecting a higher density than actually
exists. This shall be noted on the iog and referenced to the sample number. Granular soils are given
the USCS classifications GW, GP, GM, SW, SP, SM, GC, and 5C (see Exhibit 4-2).

The consistency of cohesive soils is determined by performing field tests and identifying the
consistency as shown in Exhibit 4-3. Cohesive soils are given the USCS classifications ML, MH, CL, CH,
OL, or OH (see Exhibit 4-2). :

The consistency of cohesive soils is determined either by biow counts, a pocket penetrometer (values
listed in the table as Unconfined Compressive Strength) or by hand by determining the resistance to
penetration by the thumb. The pocket penetrometer and thumb determination methods are
conducted on a selected sample of the soil, preferabiy the iowest 0.5 foot of the sample in the split-
barrel sampier. The sample shall be broken in half and the thumb or penetrometer pushed into the
end of the sample to determine the consistency. Do not determine consistency by attempting to
penetrate a rock fragment. If the sample is decomposed rock, it is classified as a soft decomposed
rock rather than a hard soil. Consistency shall not be determined solely by biow counts. One of the
other methods shall be used in conjunction with it. The designations used to describe the consistency
of cohesive soils are as follows:

Unc. Standard
Consistency s tﬁo‘;:; 2;?553::& P;:::tr:::en Field identification Methods
Foot (Blows per Foot)
Very soft Less than 0.25 Oto2 Easily penetrated several inches by fist
Soft 0.25t0 0.50 2tod Easily penetrated several inches by thumb
Medium stiff |0.50t0 1.0 4t08 Can be penetrated several inches by thumb
Very stiff 1.0t0 2.0 8to 15 Readily indented by thumb
Hard 2.0t04.0 15t0 30 Readily indented by thumbnail
Hard More than 4.0 Over 30 indented with difficulty by thumbnail
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5.2.4 Weight Percentages

In nature, soils are comprised of particles of varying size and s_hape, aqd are combinations of the
various grain types. The following terms are useful in the description of soil:

Terms of Identifying Proportion of the Component Defining Range of Percentages by Weight
trace ———_mp;’cem 1
some 11 - 30 percent

and or adjective form of the soil type (e.g., “sandy”) 31-50 percent

Exampies:
‘e Silty fine sand: 50 to 69 percent fine sand, 31 to 50 percent silt.

® Medium to coarse sand, some silt: 70 to 80 percent medium to coarse sand, 11 to 30 percent
siit.

® Fine sandy silt, trace clay: 50 to 68 percent silt, 31 to 49 percent fine sand, 1 to 10 percent
clay.

® Clayey silt, some coarse sand: 70 to 89 pércent clayey silt, 11 to 30 percent coarse sand.

5.2.5 Moisture

Moisture content is estimated in the field according to four categories: dry, moist, wet, and
saturated. In dry soil, there appears to be littie or no water. Saturated samples obviously have all the
water they can hold. Moist and wet classifications are somewhat subjective and often are determined
by the individual’s judgment. A suggested parameter for this would be calling a soil wet if rolling it in
the hand or on a porous surface liberates water, i.e., dirties or muddies the surface. Whatever
method is adopted for describing moisture, it is important that the method used by an individual
remains consistent throughout an entire drilling job.

Laboratory tests for water content shall be performed if the natural water content isimportant.

5.2.6 Stratification

Stratification can only be determined after the sample barre! is opened. The stratification or bedding

thickness for soil and rock is depending on grain size and composition. The classification to be used
for stratification description is shown in Exhibit 4-4.

5.2.7 Texture/Fabric/Bedding

The texture/fabricbedding of the soil shall be described. Texture is described as the reiative
angularity of the particies: rounded, subrounded, subanguiar, and angular. Fabric shail be noted as
to whether the particies are flat or bulky and whether there is a particular relation between particles
(i.e., all the fiat particies are paraliel or there is some cementation). The bedding or structure shall
also be noted (e.g., stratified, iensed, nonstratified, heterogeneous varved).
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5.2.8 Summary of Soil Classification

In summary, soils shall be classified in a similar manner by each geologist/engineer at a project site.
The hierarchy of classification is as follows:

Stratification
Texture, fabric, bedding
Other distinguishing features

e Density and/or consistency
e Color

® Plasticity (Optional)

¢ Soil types

® Moisture content

°

.

[

5.3 CLASSIFICATION OF ROCKS

Rocks are grouped into three main divisions, including sedimentary, igneous and metamorphic rocks.
Sedimentary rocks are by far the predominant type exposed at the earth’s surface. The following
basic names are applied to the types of rocks found in sedimentary sequences:

® Sandstone - Made up predominantly of granular materials ranging between 1/16to 2mm
in diameter.

e Siltstone - Made up of granular materiais less than 1/16to 1/256 mm in diameter. ractures
irreqgularly. Medium thick to thick bedded.

® Claystone - Vary fine grained rock made up of clay and silt-size materials. Fractures
irreqularly. Very smooth to touch. Generally has irregularly spaced pitting on surface of
drilled cores.

® Shale- A fissile very fine grained rock. Fractures along bedding planes.

® Limestone - Rock made up predominantly of calcite (CaCO;). Effervesces strongly upon the
application of dilute hydrochloric acid.

e Coal - Rock consisting mainly of organic remains.

® Others - Numerous other sedimentary rock types are present in lesser amounts in the
stratigraphic record. The local abundance of any of these rock types is dependent upon the
depositional history of the area. These inciude conglomerate, halite, gypsum, dolomite,
anhydrite, lignite, etc. are some of the rock types found in iesser amounts.

in classifying a sedimentary rock the following hierarchy shall be noted:

Rock type

Color

Bedding thickness
Hardness

Fracturing
Weathering

Other characteristics

D334901
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5.3.1 Rock Type

As described above, there are numerous names of sedimentary rocks. In most cases a rock will be a
combination of several grain types, therefore, a modifier such as a sandy siltstone, or a silty sandstone
can be used. The modifier indicates that a significant portion of the rock type is composed of the
modifier. Other modifiers can include carbonaceous, calcareous, siliceous, etc.

Grain size is the basis for the classification of clastic sedimentary rocks. Exhibit4-5 is the Udden-
Wentworth classification that will be assigned to sedimentary rocks. The individual boundaries are
slightly different than the USCS subdivision for soil classification. For field determination of grain
sizes, a scale can be used for the coarse grained rocks. For example, the division between siitstone
and claystone may not be measurabie in the field. The boundary shall be determined by use of a
hand lens. If the grains cannot be seen with the naked eye but are distinguishable with a handiens,
the rock is a siltstone. If the grains are not distinguishable with a handlens, the rock is a claystone.

5.3.2 Color

The color of a rock can be determined in a similar manner as for soil samples. Rock core sampies shall
be classified while wet, when possible, and air cored samples shall be scraped clean of cuttings prior
to color classifications.

Rock Color Charts shall not be used unless specified by the project manager.

5.3.3 Bedding Thickness

The bedding thickness designations applied to soil classification will also be used for rock
classification. :

5.3.4 Hardness

The hardness of a rock is a function of the compaction, cementation, and mineralogical composition
of the rock. A relative scale for sedimentary rock hardness is as follows:

® Soft- Weathered, considerable erosion of core, easily gouged by screwdriver, scratched by
fingernail. Soft rock crushes or deforms under pressure of a pressed hammer. This term is
always used for the hardness of the saprolite (decomposed rock which occupies the zone
between the lowest soil horizon and firm bedrock).

® Medium soft - Slight erosion of core, slightly gouged by screwdriver, or breaks with
crumbly edges from single hammer biow.

® Medium hard - No core erosion, easily scratched by screwdriver, or breaks with sharp edges
from singie hammer biow.

® Hard - Requires several hammer biows to break and has sharp conchoidal breaks. Cannot
be scratched with screwdriver.

Note the differe.nce in usage here of the works “scratch” and "gouge.” A scratch shall be considered
a shght' depression in the rock (do not mistake the scraping off of rock flour from drilling with a
scratch in the rock itself), while a gouge is much deeper.
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535  Fracturing

The degree of fracturing or brokeness of a rock is described by measuring the fractures or joint
spacing. After eliminating drilling breaks, the average spacing is calculated and the fracturing is
described by the following terms:

Very broken (V: BR.) - Less than 2 in. spacing between fractures
Broken (BR.) - 2in. to 1 ft. spacing between fractures

Blocky (BL.) - 1 to 3 ft. spacing between fractures

Massive (M.) - 3 to 10 ft. spacing between fractures

The structural integrity of the rock can be approximated by calculating the Rock Quality Designation '
(RQD) of cores recovered. The RQD is determined by adding the total lengths of all pieces exceeding
4 inches and dividing by the total length of the coring run, to obtain a percentage.

Method of Calculating RQD
(After Deere, 1964)

RQD % = r/lx 100
r = Total length of all pieces of the lithologic unit being measured, which are greater than
4 inches length, and have resuited from natural breaks. Natural breaks include slickensides,

joints, compaction slicks, bedding plane partings (not caused by driiling), friable zones, etc.

| = Total length of the coring run.

5.3.6 Weathering

The degree of weathering is a significant parameter that is important in determining weathering
profiles and is also useful in engineering designs. The following terms can be applied to distinguish
the degree of weathering:

e Fresh - Rock shows little or no weathering effect. Fractures or joints have little or no
staining and rock has a bright appearance.

e Slight - Rock has some staining which may penetrate several centimeters into the rock. Clay
filling of joints may occur. Feldspar grains may show some alteration.

® Moderate - Most of the rock, with exception of quartz grains, is stained. Rock is weakened
due to weathering and can be easily broken with hammer.

e Severe - All rock including quartz grains is stained. Some of the rock is weathered to the
extent of becoming a soil. Rock is very weak.

5.3.7 Other Characteristics
The following items shall be included in the rock description:

Description of contact between two rock units. These can be sharp or gradational.
Stratification (parallel, cross stratified)
Description of any filled cavities or vugs.

[ ]
[
[ ]
® Cementation (calcoreous, siliceous, hematitic)
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Description of any joints or open fractures.

Observation of the presence of fossils. ' ’ -
Notation of joints with depth, approximate angle to horizontal, any mineral filling or
coating, and degree of weathering.

All information shown on the boring logs shall be neat to the point where it can be reproduced on a
copy machine for report presentation. The data shall be kept current to provide Fontrol of the
drilling program and to indicate various areas requiring special consideration and sampling.

538

Additional Terms Used in the Description of Rock

The following terms are used to further identify rocks:

o Seam - Thin (12 inch or less), probably continuous layer.

Some - Indicates significant (15 to 40 percent) amounts of the accessory material. For
example, rock composed of seams of sandstone (70 percent) and shale (30 percent) would
be “sandstone - some shale seams.”

Few - indicates insignificant (0 to 1S percent) amounts of the accessory material. For
example, rock composed of seam of sandstone (90 percent) and shaie (10 percent) would
be “sandstone ~ few shale seams.”

Interbedded - Used to indicate thin or very thin alternating seams of material occurring in
approximately equal amounts. For example, rock composed of thin aiternating seams of
sandstone (S50 percent) and shale (50 percent) wouid be "interbedded sandstone and
shale.” -

Interlayered - Used to indicate thick alternating seams of material occurring in
approximately equal amounts.

The preceding sections describe the classification of sedimentary rocks. The following are some basic
names that are applied to igneous rocks:

Basalt - A fine-grained extrusive rock composed primarily of caicic plagioclase and
pyroxene.

Rhyoiite - A fine-grained volcanic rock containing abundant quartz and orthoclase. The
fine-grained equivalent of a granite.

Granite - A coarse-grained plutonic rock consisting essentially of alkali feldspar and quartz.

Diorite - A cbarse-grained plutonic rock consisting essentially of sodic plagioclase and
hornblende.

Gabbro - A coarse-grained plutonic rock consisting of calicic piagiociase and clinopyroxene.
Loosely used for any coarse grained dark igneous rock.
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The following are some basic names that are applied to metamorphic rocks:

e Slate - A very fine-grained foliated rock possessing a well deveioped siaty cleavage.
Contains predominantly chiorite, mica, quartz, and sericite.

e Phyllite - A fine-grained foliated rock that splits into thin fiaky sheets with a silky sheen on
cleavage surface.

® Schist - A medium to coarse-grained foliated rock with subparallel arrangement of the
micaceous minerals which dominate its composition.

® Gneiss - A coarse-grained foliated rock with bands rich in granular and platy minerals.

® Quartzite - A fine to coarse-grained nonfoliated rock breaking across grains, consisting
essentially of quartz sand with silica cement.

54  ABBREVIATIONS

Abbreviations may be used in the description of a rock or soil. However, they shall be kept at a
minimum. Following are some of the abbreviations that may be used:

o - Coarse Lt - Light Yl - Yellow
Med - Medium BR - Broken Or - Orange

F - Fine BL - Blocky SS - Sandstone
v - Very M - Massive Sh -  Shaie

S| - Slight Br - Brown LS - Limestone
Occ - Occasional |8l - Black fgr - Fine grained
Tr - Trace

55 BORING LOGS AND DOCUMENTATION

This section describes in more detail the procedures to be used in completing boring logs in the field.
Information obtained from the preceeding sections shall be used to complete the logs. A sample
boring log has been provided as Exhibit4-6. The field geologist/engineer shall use this example as a
guide in completing each borings log. Each boring log shall be fully described by the
geologisvengineer 3s the boring is being drilled. Every sheet contains space for 25 feet of log.
Information regarding classification details is provided on the back of the boring log, for field use.

5.5.1 Soil Classification

¢ Identify site name, boring number, job number, etc. Elevations and water ievel data to be
entered when surveyed data is available.

¢ Enter sample number (from SPT) under appropriate column. Enter depth sample was taken
from (1 block = 1foot). Fractional footages, i.e., change of lithology a 13.7 feet, shall be
lined off at the proportional iocation between the 13 and 14foot marks. Enter biow
counts (Standard Penetration Resistance) diagonally (as shown). Standard penetration
resistance is covered in Section 5.2.3.
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Determine sample recovery/sample iength as shown. Measure the total iength of sample
recovered from the split spoon sampler, inciuding material in the drive shoe. Do not
include cuttings or wash material that may be in the upper portion of the sampie tube.

indicate any change in lithology by drawing a line at the appropriate depth. For example,
if clayey silt was encountered from 0 to 5.5 feet and shale from 5.5 to 6.0 feet, a line shall
be drawn at this increment. This information is heipful in the construction of
cross-sections. As an alternative, symbols may be used to identify each change in lithology.

The density of granular soils is obtained by adding the number of blows for the last two
increments. Refer to Density of Granuiar Soils Chart of back of log sheet. For consistency of -
cohesive soils refer also to the back of log sheet - Consistency of Cohesive Soils. Enter this
information under the appropriate column. Refer to Section 5.2.3.

Enter color of the material in the appropriate column.
Describe material using the USCS. Limit this column for sample description only. The
predominate material is described last. If the primary soil is silt but has fines (clay) - use
clayey silt. Limit soil descriptors to the following:

- Trace 0-10percent

- Some 11-30percent

- And  31-50percent

Aiso indicate under Material Classification if the material is fill or natural soils. Indicate
roots, organic material, etc.

Enter USCS symbol - use chart on back of boring log as a guide. If the soils fall into one of
two basic groups, a borderline symbol may be used with the two symbols separated by a
slash. For exampie ML/CL or SM/SP.

The following information shall be entered under the Remarks Column and shall include,
but is not limited by the following:

- Moisture - estimate moisture content using the following terms - dry, moist, wet
gnd saturated. These terms are determined by the individual. Whatever method
is used to determine moisture, be consistent throughout the log.

- Angularity - describe angularity of coarse grained particies using Angular,
Subangular, Subrounded, Rounded. Refer to ASTM D 2488 or Earth Manual for
criteria for these terms,

- Particle shape - flat, elongated, or flat and elongated.

- Maximum particie size or dimension.

- Water level observations.

- Reaction with HCI - none, weak or strong.
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o Additional comments:

5.5.2

- Indicate presence of mica, caving of hole, when water was encountered, difficulty
in drilling, loss or gain of water.

- Indicate odor and HNu or OVA reading if applicable.

- Indicate any change in lithology by drawing in line through the lithology change
column and indicate the depth. This will help later on when cross-sections are
constructed.

- At the bottom of the page indicate type of rig, drilling method, hammer size and |
drop and any other useful information (i.e., borehole size, casing set, changes in
drilling method).

- Vertical lines shall be drawn (as shown in Exhibit 4.6) in columns 5 to 8 from the
bottom of each sample to the top of the next sample to indicate consistency of
material from sample to sample, if the material is consistent. Horizontal lines shall
be drawn if there is a change in lithology, then vertical lines drawn to that point.

- indicate screened interval of well, as needed, in the iithology column. Show top
and bottom of screen. Other details of well construction are provided on the well
construction forms.

Rock Classification

Indicate depth at which coring began by drawing a line at the appropriate depth. Indicate
core run depths by drawing coring run lines (as shown) under the first and fourth columns
on the log sheet. Indicate RQD, core run number, RQD percent and core recovery under
the appropriate columns.

Indicate lithology change by drawing a line at the appropriate depth as explained in
Section 5.5.1.

Rock hardness is entered under designated column using terms as described on the back of
the iog or as explained earlier in this section.

Enter color as determined while the core sample is wet; if the sample is cored by air, the
core shall be scraped clean prior to describing coior.

Enter rock type based on sedimentary, igneous or metamorphic. For sedimentary rocks use
terms as described in Section 5.3. Again, be consistent in classification. Use modifiers and
additional terms as needed. For igneous and metamorphic rock types use terms as
described in Sections 5.3.8.

Enter brokeness of rock or degree of fracturing under the appropriate column using
symbols VBR, BR, BL, or M as explained in Section 5.3.5 and as noted on the back of the
Boring Log.
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5.5.3

The following information shall be entered under the remarks column. Items shall include
but are not limited to the following:

- indicate depths of joints, fractures and breaks and aiso approximate to horizontal
angle (such as high, low), i.e., 70° angle from horizontal, high angle.

- indicate calcareous zones, description of any cavities or vugs.

- indicate any loss or gain of drill water.

- Indicate drop of drill tools or change in color of drill water.

Remarks at the bottom of Boring Log shall include:
- Type and size of core obtained.
- Depth casing was set.
- Type of Rig used.
As a final check the boring log shall inciude the following:

- Vertical lines shall be drawn as explained for soil classification to indicate
consistency of bedrock material.

- If applicable, indicate screened interval in the lithology column. Show top and
bottom of screen. Other details of well construction are provided on the well
construction forms.

Classification of Soil and Rock from Drill Cuttings

The previous sections describe procedures for classifying soil and rock samples when cores are
obtained. However, some drilling methods (air/mud rotary) may require classification and borehole
logging based on identifying drill cuttings removed from the borehole. Such cuttings provide only
general information on subsurface lithology. Some procedures that shall be foliowed when logging
cuttings are:

Obtain cutting samples at approximately 5 foot intervals, sieve the cuttings (if mud rotary
drilling) to obtain a cleaner sampie, piace the sample into a small sampie bottie or “zip
lock” bag for future reference, and label the jar or bag (i.e. hole number, depth, date etc.).
Cuttings shall be ciosely examined to determine general lithology.

Note any change in color of drilling fluid or cuttings, to estimate changes in lithology.

Note drop or chattering of drilling tools or a change in the rate of drilling, to determine
fracture locations or lithologic changes.

Observe loss or gain of drilling fluids or air (if air rotary methods are used), to identify
potential fracture zones.

Record this and any other useful information onto the boring iog as provided in
Exhibit 4-1,

This !ogging provides a general description of subsurface lithology and adequate information can be
obtained throug.h careful observation of the drilling process. It is recommended that split barrel and
rock core sampling methods be used at selected boring locations during the field investigation to
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provide detailed information to suppiement the less detailed data generated through borings drilled
using air/mud rotary methods.

5.6 REVIEW

Upon completion of the borings logs, copies shall be made and reviewed. Iitems to be reviewed
include:

® Checking for consistency of all logs
® Checking for conformance to the guideline
® Checking to see that all information is entered in their respective columns and spaces
6.0 REFERENCES
Unified Soil Classification System (USCS)
ASTM D2488, 1985
Earth Manual, U.S. Department of the interior, 1974

7.0 RECORDS

Originals of the boring logs shall be retained in the project files.
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EXHIBIT 4-1

BORING LOG NUS CORPORATION
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CONSISTENCY OF COHESIVE SOILS
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EXHIBIT 4-3

CONSISTENCY FOR COHESIVE SOILS

(Blows

Consistency per Foot)

Unconfined
Compressive
Strength
{tons/square
foot by pocket
penetration

Field Identification

RO S5 5 e ————— e . ©

Very soft 0to2 Less than 0.25 Easily penetrated several inches by fist
Soft 2to 4 0.25t00.50 Easily penetrated several inches by thumb
. . Can be penetrated several inches by

Medium stiff 4t08 0.50t0 1.0 thumb with moderate effort

) Readily indented by thumb but penetrated
Stiff 8to 15 1.0t0 2.0 only with great effort
Very stiff 15to0 30 2.0t04.0 Readily indented by thumbnail
Hard Over 30 More than 4.0 indented by thumbnail
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BEDDING THICKNESS CLASSIFICATION

ke T emroaste | casifcaion
> 1.0 meter >33’ Massive
30cm - 1 meter 1.0°-3.3 Thick Bedded
10cm-30cm 4" -1.0 Medium Bedded
3ecm-10cm 1°-4" Thin Bedded
1cm-3c¢cm 2/5°-1* Very Thin Bedded
3mm-1cm 1/8° - 2/5° Laminated
1mm-3mm 1/32° - 1/8° Thinly Laminated
<imm <1/32° Micro Laminated

(Weir, 1973 and Ingram, 1954)
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GRAIN SIZE CLASSIFICATION FOR ROCKS

Particle Name

.Grain Size Diameter

Cobbles > 64 mm

Pebbles 4-64 mm
Granules 2-4mm

Very Coarse Sand 1-2mm
Coarse Sand 0.5-1 mm
Medium Sand 0.25-0.5 mm
Fine Sand 0.125-0.25 mm
Very Fine Sand 0.0625-0.125 mm
Siit 0.0039-0.0625 mm

After Wentworth, 1922
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DECONTAMINATION OF DRILLING RIGS [ P——
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1.0 PURPOSE

The purpose of this procedure is to provide reference information regarding the appropriate
procedures to be followed when conducting decontamination activities of drilling equipment and
monitoring well materials used during field investigations.

2.0 SCOPE

This procedure addresses only drilling equipment and monitoring well materials decontamination,
and shall not be considered for use with chemical sampling and field analytical equipment -
decontamination.

3.0 GLOSSARY
None.-
4.0 RESPONSIBILITIES

Field Operations Leader - Responsible for ensuring that project specific plans and the implementation
of field investigations are in compliance with these procedures.

5.0 PROCEDURES

To insure that analytical chemical results are reflective of the actual concentrations present at
sampling locations, various drilling equipment involved in field investigations must be properly
decontaminated. This will minimize the potential for cross-contamination between sampling
iocations, and the transfer of contamination off site.

Prior to the initiation of a drilling program. all drilling equipment invoived in field sa‘mpling activities
shall be decontaminated by steam cleaning at a predetermined area. The steam cleaning procedure
.shall be performed using a high-pressure spray of heated potable water producing a pressurized
stream of steam. This steam shall be sprayed directly onto all surfaces of the various equipment which
might contact environmental sample. The decontamination procedure shall be performed until all
equipment is free of all visibie potential contamination (dirt, grease, oil, noticeable odors, etc.) In
addition, this decontamination procedure shall be performed at the completion of each sampling
and/or drilling location, including soil borings, installation of monitoring wells, test pits, etc. Such
equipment shall inciude drilling rigs, backhoes, downhoie tools, augers, well casings, and screens.

The steam cleaning area shall be designed to contain decontamination wastes and waste waters, and
can be a lined excavated pit or a bermed concrete or asphalt pad. For the latter, a floor drain must be
provided which is connected to a holding facility. A shallow above-surface tank may be used or a
pumping system with discharge to a waste tank may be installed.

in certain cases, due to budget constraints, such an elaborate decontamination pad is not possible. in
such cases, a plastic lined gravel bed pad with a collection system may serve as an adequate
decontamination area. The location of the steam cleaning area shall be on site in order to minimize
potential impacts at certain sites.
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Guidance to be used when decontaminating equipment shall include:

® As a general rule, any part of the drilling rig which extends over the borehole, shall be

steam cleaned.

e All drilling rods, augers, and any other eqmpment which will be introduced to the hole

shall be steam cleaned.

® The drilling rig, all rods and augers, and any other potentially contaminated equipment
shall be decontaminated between each well location to prevent cross contamination of

potential hazardous substances.

Rinsate samples of well casing and screens may be necessary if specifically required for a given site. If
required, at least 1 percent, and no more than 5 percent of steam cleaned lengths of casing and

screens combined shall be sampied.

Prior to leaving at the end of each work day and/or at the completion of the drilling program, drilling
rigs and transport vehicles used onsite for personnel or equipment transfer shall be steam cleaned. A
drilling rig left at the drilling location does not need to be steam cieaned until it is finished drilling at

that location.
6.0 RECORDS

None.
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5.0 PROCEDURES

5.1 EQUIPMENT/NTEMS NEEDED

Below is a list of items that may be needed while installing a monitoring well.
o Health and safety equipment as required by the site safety officer.

® Well drilling and installation equipment with associated materials (typically supplied by the
driller).

e Hydrogeologic equipment (weighted engineers tape, water level indicator, retractable
engineers rule electronic calculator, clipboard, mirror and flashlight - for observing
downhole activities, paint and ink marker for marking monitoring wells, sample jars, well
installation forms, and a field notebook).

e Drive point installations tools (Sledge Hammer, drop hammer, or mechanical vibrator;
tripod, pipe wrenches, drive points, riser pipe, and end caps).

5.2 WELL DESIGN

The objectives for each monitoring well and its intended use must be clearly defined before the
monitoring system is designed. Within the monitoring system, different monitoring wells may serve
different purposes and, therefore, reguire different types of construction. During all phases of the
well design, attention must be given to clearly documenting the basis for design decisions, the details
of well construction, and the materials to be used. The objectives for installing the monitoring wells
may include: '

o Determining groundwater flow directions and velocities.
® Sampling or monitoring for trace contaminants.
® Determining aquifer characteristics (e.g., hydraulic conductivity)

Siting of monitoring welis shall be performed after a preliminary estimation of the groundwater fiow
direction. In most cases, these can be determined through the review of geologic data and the site
terrain. in addition, production wells or other monitoring welis in the area may be used to determine
the groundwater flow direction. If these methods cannot be used, piezometers, which are relatively
inexpensive 1o install, may have to be installed in a preliminary phase to determine groundwater
fiow direction.

5.2.1 Well Depth, Diameter, and Monitored interval

The well depth, diameter, and monitored internal must be tailored to the specific monitoring needs
of each investigation. Specification of these items generally depends on the purpose of the
monitoring system and the characteristics of the hydrogeologic system being monitored. Welis of
different depth, diameter, and monitored interval can be empioyed in the same groundwater
monitoring system. For instance, varying the monitored interval in several wells, at the same iocation
(cluster wells) can help to determine the vertical gradient and the leveis at which contaminants are
present. Conversly, a fully penetrating well is usually not used to quantify or vertically locate a
contamination plume, since groundwater samples collected in wells that are screened over the full
thickness of the water bearing zone will be representative of average conditions across the entire
monitored interval. However, fully penetrating wells can be used to establish the existence of
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contamination in water bearing zone. The well diameter would depend upon the hydraulic
characteristics of the water bearing zone. Sampling requirements, drilling method and cost.

The decision concerning the monitored interval and well depth is based on the following
information:

e The vertical location of the contaminant source in relation to the water bearing zone.

e The depth, thickness and uniformity of the water bearing zone.

e The anticipated depth, thickness, and characteristics (e.g., density relative to water) of the

contaminant plume.

® Fluctuation in groundwater levels (due to pumping, tidal influences, or natural
recharge/discharge events).

® The presence and iocation of contaminants encountered during drilling.

® Whether the purpose of the instaliation is for determining existence or non-existence of
contamination or if a particular stratigraphic zone is being investigated.

e The analysis of borehole geophysica! logs.

In most situations where groundwater fiow lines are horizontal, depending on the purpose of the
well and the site conditions, monitored intervals are 20feet or less. Shorter screen lengths
(1 to 2 feet) are usually required where fiow lines are not horizontal, (ie., if the wells are to be used
for accurate measuremnent of the potentiometric head at a specific point).

Many factors influence the diameter of a3 monitoring well. The diameter of the monitoring well
depends on the application. In determining weli diameter, the following needs must be considered:

Adequate water volume for sampling.
Drilling methodology.

Type of sampling device to be used.
Costs

Standard monitoring well diameters are 2, 4, 6, or 8inches. However, drive points are typically
1-1/4 or 2inches in diameter. For monitoring programs which require screened monitoring wells,
either a 2-inch or 4-inch diameter well is preferred. Typically, well diameters greater than 4 inches are
used in monitoring programs in which open hole monitoring wells are required. In the smaller
diameter wells, the volume of stagnant water in the well is minimized, and well construction costs are
reduced, however, the type of sampling devices that can be used are limited. in specifying well
diameter, sampling requirements must be considered. Up to a total of 4 gallons of water may be
required for a single sample to account for full organic and inorganic analyses, and split samples. The
water in the monitoring well available for sampling is dependent on the well diameter as follows:
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However, if a specific well recharges quickly after purging, then well diameter may not be an_
important factor regarding sample volume requirements.

Pumping tests for determining aquifer characteristics may require larger diameter wells; however, in
small diameter wells.in-situ permeability tests can be performed during drilling or after well
installation is compieted.

5.2.2 Riser Pipe and Screen Materials

Well materials are specified by diameter, type of material, and thickness of pipe. Well screens require
an additional specification of siot size. Thickness of pipe is referred to as “scheduie” for polyvinyl
chloride (PVC) casing and is usually Schedule 40 (thinner wall) or 80 (thicker wall). Steel pipe thickness
is often referred to as “Strength” and Standard Strength is usually adequate for monitoring well
purposes. With larger diameter pipe, the wall thickness must be greater to maintain adequate
strength. The required thickness is also dependent on the method of instaliation;-risers for drive
points require greater strength than wells installed inside drilled borings.

The selection of well screen and riser materials depends on the method of drilling, the type of
subsurtace materials in which the well penetrates, the type of contamination expected, and natural
water quality and depth. Cost and the levei of accuracy required are also important. The materiais
generally available are Tefion, stainless steel, PVC, galvanized steel, and carbon steel. Each has
advantages and limitations (see Attachment A of this guideline for an extensive discussion on this
topic). The two most commonly used materiais are PVC and stainiess steel for wells in which screens
are instalied and are compared in AttachmentB. Stainless steel is preferred where trace metais or
organic sampling is required; however, costs are high. Teflon materials are extremely expensive, but
are relatively inert and provide the ieast opportunity for water contamination due to well materials.
PVC has many advantages, including low cost, excellent availability, light weight, and ease of
manipulation; however, there are also some questions about organic chemical sorption and leaching
that are currently being researched (see Barcelona et al., 1983). Concern about the use of PVC can be
minimized if PVC wells are used strictly for geohydrologic measurements and not for chemical
sampling. The crushing strength of PVC may limit the depth of installation, but schedule 80 materials
normally used for wells greater than 50 feet deep may overcome some of the problems associated
with depth. However, the smaller inside diameter of Schedule 80 pipe may be an important factor
when considering the size of bailers or pumps to be used for sampling or testing. Due to this
problem, the minimum well pipe size recommended for scheduie 80 welisis 4 inch 1.D.

Screens and risers may have to be decontaminated before use because oil-based preservatives and oil
used during thread cutting and screen manufacturing may contaminate sampies. Metal pipe, may
corrode and release metal ions or chemically react with organic constituents, but this is considered by
some to be less of a problem than the problem associated with PVC material. Galvanized steel is not
recommended for metal analyses, as zinc and cadmium levels in groundwater samples may be
elevated from the zinc coating.
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Threaded, flush-joint casing is most often preferred for monitoring well applicat‘io_ns. PVC, Tgflorj,
and steel can all be obtained with threaded joints at slightly more costs. Welded-joint steel casing is
also acceptable. Glued PVC may release organic contamination into the well and therefore should
not be used if the well is to be sampled for organic contaminants.

When the water bearing zone is in consolidated bedrock, such as limestone or fractured granite, a
well screen is often not necessary (the well is simply an open hole in bedrock). Unconsolidated
materials, such as sands, clay, and silts require a screen. A screen siot size of 0.010 or 0.020 inch is
generally used when a screen is necessary and the screened interval is artificially packed with a fine
sand. The slot size controls the quantity of water entering the well and prevents entry of natural
materials or sand pack. The screen shall pass no more than 10 percent of the pack material, or in-situ '
aquifer material. The rig geologist shall specify the combination of screen slot size and sand pack
which will be compatible with the water bearing zone, to maximize groundwater inflow and
minimize head losses and movement of fines into the wells. (For example, as a standard procedure, a
Morie No. 1 or Ottowa sand may be used with a 0.010-inch slot screen, however, with a 0.020-inch siot
screen, the filter pack material must be the material retained on a No. 20 to No. 30 U.S. standard
sieve.)

5.2.3 Annular Materials

Materials placed in the annular space between the borehole and riser pipe and screen inciude a sand
pack when necessary, a bentonite seal, and cement-bentonite grout. The sand pack is usually a fine
to medium grained well graded, silica sand. The quantity of sand placed in the annular space is
dependent upon the length of the screened interval but should always extend at least 1 foot above
the top of the screen. At least one to three feet of bentonite pellets or equivalent shall be placed
above the sand pack. The cement-bentonite grout or equivalent extends from the top of the
bentonite peliets to the ground surface.

On occasion, and with the concurrence of the involved regulatory agencies, monitoring welis may be
packed naturally, i.e., no artificial sand pack will be installed, and the natural formation material will
be allowed to collapse around the well screen after the well is installed. This method has been
utilized where the formation material itself is a relatively uniform grain size, or when artificial sand
packing is not possible due to borehole collapse.

Bentonite expands by absorbing water and provides a seal between the screened interval and the
overiying portion of the annular space and formation. Cement-bentonite grout is placed on top of
the oentonite peliets to the surface. The grout effectively seais the well and eliminates the possibility
for surface infiltration reaching the screened interval. Grouting also replaces material removed
during drilling and prevents hole collapse and subsidence around the well. A tremie pipe should be
used to introduce grout from the bottom of the hole upward, to prevent bridging and to provide a
better seal. However, in boreholes that don't collapse, it may be more practical to pour the grout
from the surface without a tremie pipe.

Grout is a general term which has several different connotations. For ali practical purposes within the
monitoring well installation industry, grout refers to the solidified material which is installed and
occupies the annular space above the bentonite peliet seal. Grout, most of the time, is made up of
two assemblages of material, i.e., a cement-bentonite grout. A cement bentonite grout normally is a
mixture of cement, bentonite and water at a ratio of one 90-pound bag of Portland Type | cement,
3-5 pounds of granular or flake-type bentonite and 6 galions of water. A neat cement.is made up of
one ninety-pound bag of Portland Type | cement and 6 galions of water.
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in certain cases, the borehole may be drilled to a depth greater than the anticipated well installation
depth. For these cases, the well shall be backfilled to the desired depth with bentonite peilets or
equivalent. A short (1°-2') section of capped riser pipe sump is sometimes instalied immediately below
the screen, as a silt reservoir, when significant post-development silting is anticipated. This will
ensure that the entire screen surface remains unobstructed.

5.2.4 Protective Casing

When the well is completed and grouted to the surface, a protective steel casing is often placed over
the top for the well. This casing generally has a hinged cap and can be iocked to prevent vandalism.
A vent hole shall be provided in the cap to allow venting of gases and maintain atmospheric pressure
as water levels rise or fall in the well. The protective casing has a larger diameter than the weill and is -
set into the wet cement grout over the well upon completion. In addition, one hole is drilied just
above the cement collar through the protective casing which acts as a weep hole for the flow of
water which may enter the annuius during well development, purging, or sampling.

A Protective casing which is level with the ground surface is used in roadway or parking lot
applications where the top of a monitoring well must be below the pavement. The top of the riser
pipe is placed 4 to 5 inches below the pavement, and a locking protective casing is cemented in place
to 3inches below the pavement. A large diameter protective sleeve is set into the wet cement around
the well with the top set level with the pavement. A manhole type lid placed over the protective
sleeve. The cement should be slightly mounded to direct pooied water away from the well head.

53 MONITORING WELL INSTALLATION

5.3.1 Monitoring Wells in Unconsolidated Sediments

After the borehole is drilled to the desired depth, well installation can begin. The procedure for well
installation will partially be dictated by the stability of the formation in which the well is being
placed. !f the borehole collapses immediately after the drilling tools are withdrawn, then a
temporary casing must be installed and well instaliation will proceed through the center of the
temporary casing, and continue as the temporary casing is withdrawn from the borehole. In the case
of holiow stem auger drilling, the augers will act to stabilize the borehole during well installation.

Before the screen and riser pipe are iowered into the borehole, all pipe and screen sections should be
measured with an engineers rule to ensure proper well placement. When measuring sections, the
threads on one end of the pipe or screen must be excluded while measuring, since the pipe and screen
sections are screwed flush together.

After the screen and riser pipe are lowered through the temporary casing, then the sand pack can be
installed. A weighted tape measure must be used during the procedure in order to carefully monitor
installation progress. The sand is poured into the annulus between the riser pipe and temporary
casing, as the casing is withdrawn. Sand should always be kept within the temporary casing during
withdrawal in order to ensure an adequate sand pack. However, if too much sand is within the
temporary casing (greater than 1foot above the bottom of the casing) bridging between the
temporary casing and riser pipe may occur.

After the sand pack is instalied to the desired depth, (at ieast 1 foot above the top of the screen) then
the bentonite pellet seal or equivaient, can be installed, in the same manner as the sand pack. At
least 1 to 3 feet of bentonite peliets shouid be instalied above the sand pack.
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The cement-bentonite grout is then mixed and either poured or tremied into the annulus as the
temporary casing or augers are withdrawn. Finally, the protective casing can be instalied as detailed

inSection 5.2.4.

in stable formations where borehoie collapse does not occur, the well can be installed as discussed
above, and the use of a temporary casing is not needed. However, centralizers may have to be
installed, one above, and one below the screen, to assure enough annular space for sand pack
placement. A typical overburden monitoring well sheet is shown.

5.3.2 Confining Layer Monitoring Wells

When drilling and installing a well in a confined aquifer, proper well installation techniques must be -

applied to avoid cross contamination between. Under most conditions, this can be accomplished by
installing double-cased wells. This is accomplished by drilling a large diameter boring through the
upper aquifer, 1to 3 feet into the underlying confining layer, and setting and pressure grouting or
tremie grouting the outer casing into the confining layer. The grout material must fill the space
between the native material and the outer casing. A smaller diameter boring is then continued
through the confining layer for instailation of the monitoring well as detailed for overburden
monitoring wells, with the exception of not using a temporary casing during installation. Sufficient
time which will be determined by the rig geoiogist; must be aliowed for setting of the grout prior to
drilling through the confined layer. A typical confining layer monitoring well sheet is shown in
Attachment C.

5.3.3 Bedrock Monitoring Wells

When installing bedrock monitoring wells, a large diameter boring is drilied through the overburden
and approximately 5 feet into the bedrock. A casing (typically steel) is instalied and either pressure
grouted or tremie grouted in place. After the grout is cured, a smaller diameter boring is continued
through the bedrock to the desired depth. if the boring does not collapse, the well can be ieft open,
and a screen is not necessary. !f the boring collapses, then a screen is required and can be instalied as
detailed for overburden monitoring wells. However, if a screen is to be used, then the casing which is
instalied through the overburden and into the bedrock does not require grouting and can be
installed temporary until final well installation is compieted. Typical well construction forms for
bedrock monitoring welis are shown in Attachment C.

5.3.4 Drive Points

Drive points can be installed with either a siedge hammer, drop hammer, or a mechanical vibrator.
The screen is threaded and tightened onto the riser pipe with pipe wrenches. The drive point is
simply pounded into the subsurface to the desired depth. If a heavy drop hammer is used, then a
tripod and puliey setup is required to lift the hammer. Drive points typically cannot be driven to
depths exceeding 10 feet.

5.3.5 Innovative Monitoring Well instaliation Technigues

Certain innovative sampling devices have proven advantageous. These devices are essentially
screened samplers installed in a borehole with only one or two small-diameter tubes extending to the
sqrface. Manufacturers of these types of samplers claim that four sampiers can be installed in a 3-inch
diameter borehole. This reduces drilling costs, decreases the volume of stagnant water, and provides
a sampling system that minimizes cross contamination from sampling equipment. These sampiers
aiso perform well when the water table is within 25 feet from the surface (the typical rahge of suction
pumps). Two manufacturers of these sampilers are Timco Manufacturing Company, Inc., of
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Prairie du Sac, Wisconsin, and BARCAD Systems, inc., of Concord, Massachusetts. Each offers various
construction materials.

Two additional types of multilevel sampiing systems have been developed. Both employ individual
screened openings through a smali-diameter casing. One of these systems (marketed by Westbay
Instruments Ltd. of Vancouver, British Columbia, Canada) uses a screened port and a sampiing probe
to obtain samples and head measurements or perform permeability tests. this system allows sampiing
ports at intervals as close as 5 feet, if desired, in boreholes from 3 to 4.8 inches in diameter.

The other system, developed at the University of Waterloo at Waterioo, Ontario, Canada, requires
field assembly of the individual sampling ports and tubes that actuate a simple piston pump and force
the samples to the surface. Where the depth to ground water is iess than 25 feet, the piston pumps
are not required. The assembly is made of easily obtained materials; however, the cost of labor to
assemble these monitoring systems may not be cost-effective.

5.4 WELL DEVELOPMENT METHODS

The purpose of well development is to stabilize and increase the permeability of the gravel pack
around the well screen, and to restore the permeability of the formation which may have been
reduced by drilling operations. Wells are typically developed until all fine material and drilling water
is removed from the well. Sequential measurements of pH, conductivity and temperature taken
during development may yield information (stabilized values) that sufficient development is reached.
The selection of the well development method (shall) be made by the rig geologist and is based on
the drilling methods, well construction and installation details, and the characteristics of the
formation that the well is screened in. The primary methods of well development are summarized
below. A more detaiied discussion may be found in Driscoll (1986).

Overpumping and Backwashing - Wells may be developed by aiternatively drawing the water level
down at a high rate (by pumping or bailing) and then reversing the flow direction (backwashing) so
that water is passing from the weil into the formation. This back and forth movement of water
through the well screen and gravel pack serves to remove fines from the formation immediately
adjacent to the well, while preventing bridging (wedging) of sand grains. Backwashing can be
accomplished by several methods including pouring water into the well and then bailing, starting and
stopping a pump intermittently to change water leveis, or forcing water into the well under pressure
through a water-tight fitting (“rawhiding”). Care should be taken when backwashing not to apply
too much pressure, which could damage or destroy the well screen.

surging with a Surge Plunger - A surge plunger (also called a surge block) is approximately the same
diameter as the weli casing and is used to agitate the water, causing it to move in and out of the
screens. This movement of water rpulis fine materials into the weil, where they may be removed by
any of several methods, and prevents bridging of sand particles in the gravel pack. There are two
basic types of surge plungers; solid and vaived surge plungers. in formations with low yields, a valved
surge piunger may be preferred, as solid plungers tend to force water out of the well at a greater rate
than it will flow back in. Valved plungers are designed to produce a greater inflow than outflow of
water during surging.

Compressed Air - Compressed air can be used to develop a well by either of two methods:
backwashing or surging. Backwashing is done by forcing water out through the screens, using
increasing air pressure inside a sealed well, then releasing the pressurized air to aliow the water to
flow back into the well. Care should be taken when using this method so that the water level does
not drop below the top of the screen, thus reducing well yield. Surging, or the “open well” method,
consists of aiternately releasing large volumes of air suddenly into an open well below the water level
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to produce a strong surge by virtue of the resistance of water head, friction, and inertia. Pumping the
well is subsequently done with the air lift method.

High Velocity Jetting - in the high velocity jetting method, water is forced at high velocities from a
plunger-type device and through the well screen to ioosen fine particles from the sand pack and
surrounding formation. The jetting tool is siowly rotated and raised and iowered along the length of
the well screen to develop the entire screened area. Jetting using a hose lowered into the well may
~ also be effective. The fines washed into the screen during this process can then be bailed or pumped
from the well.
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7.0 RECORDS

A critical part of monitoring well installation is recording of significant details and events in the field
notebook. The Geologist must record the exact depths of significant hydrogeological features screen
placement, gravel pack placement, and bentonite placement.

A Monitoring Well Sheet (Attachment C) shall be used which allows the uniform recording of data for
each installation and rapid identification of missing information. Well depth, length, materials of
construction, length and openings of screen, iength and type of riser, and depth and type of all
backfill matenals shall be recorded. Additional information (shall) include location, installation date,
problems encountered, water ieveis before and after well installation, cross-reference to the geologic
boring log, and methods used during the installation and development process. The documentation
is very important to prevent problems invoiving questionable sample validity. Somewhat different
information will need to be recorded.depending on whether the well is completed in overburden, in
a confined layer, in bedrock with a cased well, or as an open hole in bedrock.

The quantities of sand, bentonite, and grout placed in the well are also important. The Geologist
shall calculate the annular space volume and have a general idea of the quantity of material needed
to fill the annular space. Volumes of backfill significantly higher than the caiculated volume may
indicate a problem such as a large cavity, while a smaller backfill volume may indicate a cave-in. Any
problems with rig operation or down time shall be recorded and may determine the drilier’s final fee.
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ATTACHMENT A
TABLE 7-4 RELATIVE COMPATIBILITY OF RIGID WELL-CASING MATERIAL (PERCENT)
Galvanized Lo-carbon Stainless Stainiess .
PvCH steel | SATOONSO | v steei304 | steeizte | ¢O"
Butferea Weax AcKd 100 56 51 59 97 100 100
Wesk Acd 98 59 43 47 96 100 100
Miner Acia/righ Solids 100 a8 bY4 60 80 82 100
A Orga " 64 69 73 73 98 100 100
Percent Overail Rating 91 58 56 59 93 96 100
Preliminary Ranking of Rigid Materials
1 Teflon®
2 Stainiess Steel 316
3 Stainiess Steel 304
4 PVC1
5 Lo-Carbon Stee!
[ Galvanized Steel
7 Carbon Stee!
. Trademark of DuPont
RELATIVE COMPATIBILITY OF SEMI-RIGID OR ELASTOMERIC MATERIALS (PERCENT)
PVC pp PE PE PMM Viton®® il \ or
Flexible Conv. Linear ton Silicone | Neoprene | Tefion
L I S S ——— e ——— ——— e S A——— |
Buttered wesx Acdt 97 97 100 97 90 92 87 85 100
Weak acd 92 90 94 96 78 78 75 75 100
Minersl Acsa/Migh Soids 100 100 100 100 95 100 78 82 100
Agueous Organic Mirtures 62 bal 40 60 49 78 a9 aa 100
Percent Overall Rating a8 90 84 88 78 87 72 72 100

NOWV b WA

Source:

Preiminary Ranking of Semi-Rigid or Elastomeric Materiais

Tetion®
Polypropyiene (PP)
PVC flexible/PE linear
Viton®

PE Conventional
Plexiglag/Lucite (PMM)
Silicone/Neoprene
Barcelona etal., 1983
Trademark of DuPont
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ATTACHMENT 8

COMPARISON OF STAINLESS STEEL AND PVC FOR MONITORING WELL CONSTRUCTION

Characteristic

Strength

Stainiess Steel

Use in deep wells to prevent
compression and closing of
screen/riser.

Use when shear and compressive
strength not critical.

Weight Relatively heavier Lightweight, floats in water
Cost Relatively expensive Relatively inexpensive
Corrosivity Deteriorates more rapidly in Non-corrosive-—-may deteriorate in
corrosive water presence of ketones, aromatics, alkyl
sulfides, or some chlorinated HC
Ease of Use Difficult to adjust size or length in | Easy to handie and work in the field.

the fieid.

Preparation for Use

Should be steam-cieaned for
organics sampling

Never use glue fittings—pipes should be
threaded or pressure-fitted. Shouid be
steam cleaned if used for monitoring
wells.

Interaction with
Contaminants*

May sorb organic or inorganic
substances when oxidized

May sorb or release organic substances.

* Seeaiso Attachment A.
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—:_‘Nl 'S 3083 %2
— ! CORPORATION OVERBURDEN
O 2 ~anounon Company MONITORING WELL SHEET
PROJECT LOCATION SRILLAG ]
PROJECT NO. 8ORING ETHOD g
ELEVATION DATE OEVELOPMENT "
FIELD GEOLOGIST METHQD :

~N

GROUND
ELEVATION '

i

il

STICK - UP RISER PIPE :
— TYPE QF SURFACE SEAL:

L e

ELEVATION OF TOP OF SURFACE CASING -
ELEVATION OF TOP OF RISER PPE:

e STICK - UP TOP OF SURFACE CASING:

- 1.D. OF SURFACE CASING:

TYPE OF SURFACE CASING.

P IRRINONIN N

N\

‘\

— RISER PIPE (.O.

TYPE OF RISER PIPE:

|

=~ BOREMOLE DIAMETER:

= TYPE OF BACKFILL:

= TYPE OF SEAL:

— ELEVATION/ DEPTH TOP OF SEAL:

1]

= DEPTH TOP OF SAND PACK:

I'

= TYPE OF SCREEN:

== ELEVATION/ DEPTH TOP OF SCREEN:

]|

SLOT SIZE s LENGTH:

1.0 OF SCREEN:

—— TYPE OF SAND PACK:

WELL:

= ELEVATION/ DEPTH BOTTOM OF SCREEN:

— ELEVATION / DEPTH 8OTTOM QF SAND PACK:
TYPE OF sACKFILL BELOW OBSERVATION

— ELEVATION/ DEPTH OF HOLE:
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m Nus BORING NO.:
l:lj' CORPORATION CONFINING LAYER
MONITORING WELL SHEET
e DRILLER
PROJECT LOCATION DRILLING
PROJECT NO. BORING METHOD
ELEVATION DATE DEVELOPMENT
FIELD GEOLOGIST. METHOD

.

A‘

GROUND
ELEVATION

+
Y

=
]

QUNENERANRY AR SN Y

Y

N

CONFINING
LAYER

T Y

e

BT UETTELR QB a6 g

ELEVATION OF TOP OFf PERM. CASING : ————
-~ ELEVATION OF TOP OF RISER PIPE: ——
» TYPE OF SURFACE SEAL:

1.D. OF PERM. CASING:
TYPE OF SURFACE CASING:

— RISERPIPELD.
TYPE OF RISER PIPE:

- BOREHOLE DIAMETER:

l— PERM.CASING I.D
TYPE OF CASING & BACKFILL:

ELEVATION/ DEPTH TOP CONFINING LAYER:
ELEVATION/ DEPTH BOTTOM OF CASING:
ELEVATION/ DEPTH BOT. CONFINING LAYER:

— ELEVATION/ DEPTH TOP OF SEAL:
| TYPEOF SEAL:

= DEPTH TOP OF SAND PACK:

|- ELEVATION/DEPTH TOP OF SCREEN:
TYPE OF SCREEN:

- TYPE OF SAND PACK:

@m—et— BOREHOLE DIA. BELOW CASING:

ELEVATION/ DEPTH BOTTOM OF SCREEN:

-

L~ ELEVATION/ DEPTH BOTTOM OF SAND PACK:
TYPE OF BACKFILL BELOW OBSERVATION

WELL:

@t ELEVATION / DEPTM OF HOLE:
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BEDROCK
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} MONITORING WELL SHEET
© A Hatiounon Company OPEN HOLE WELL
DRILLER
PROJECT LOCATION DRILLING
\ PROJECT NO. BORING METHOD 4
ELEVATION DATE DEVELOPMENT /
&g{w GEOLOGIST. METHOD _
= ELEVATION OF TOP OF CASING:
STICK UP OF CASING ABOVE GROUND
SURFACE:
GROUND _
ELEVATION L~ TYPE OF SURFACE SEAL:

: /.

1.D. OF CASING: Z

— TYPE OF CASING: 7

/

TEMP./PERM..

4= DEPTH TO TOP OF ROCK
= DEPTH TO BOTTOM CASING:

! OIAMETER OF HOLE IN BEDROCK:

Illii'

DESCRIBE IF CORE/ REAMED WITH BIT:

DESCRIBE JOINTS IN BEDROCK AND DEPTH:

ELEVATION/ DEPTH OF HOLE:
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WELL INSTALLED IN BEDROCK
DRILLER
PROJECT LOCATION DRILLING
<PROJECT NO. 8S8ORING METHOD
EVATION DATE DEVELOPMENT
FIND GEOLOGIST. METHOD

GROUND
ELEVATION

ELEVATION OF TOP OF SURFACE CASING :
— ELEVATION OF TOP OF RISER MIPE:
- ELEVATION TOP OF PERM. CASING:
» TYPE OF SURFACE SEAL:

- 1.D. OF SURFACE CASING: )
TYPE OF SURFACE CASING: y
)
L— RISER PIPE 1.D. /
TYPE OF RISER PIPE: 7
/.

e BOREHOLE ocmma /.

PERM CASING 1.D.
YPE OF CASIN /ﬁcxnu.

TYPE OF BACKFILL:

¥}

— N

I~ ELEVATION/DEPTH TOP OF SEAR:
TYPE OF SEAL:

AN

™~ ELEVATION / DEPTH TOP OF SAND PACK:

™ ELEVATION/DEPTH TOP OF SCREEN:
TYPE OF SCREEN:

TYPE OF SAND PACK:

t—~ ELEVATION/DEPTH BOTTOM OF SCREEN:

= ELZVATION/DEPTH BATTOM OF SAND PACK:
TYEPE OF BACKFILL BELOW OBSERVATION
WELL:

r— ELEVATION / DEPTH OF HOLE:
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| CORPORATION MONITORING WELL SHEET
© 4 Hakburon Company WELL INSTALLED IN BEDROCK
PROJECT LOCATION ( e !
PROIJECT NO. gg?lENf METHOD i
\oLEVATION !
| LD GEQLOGIST { ;EE\;iLOO;MENT )',

l
Il

ELEVATION OF TOP OF SURFACE CASING.

h—-—-— STICK UP OF CASING ABOVE GROUND
SURFACE:
GROUND

SLEVATION T F RISER-
ELEVATION LEVATION TOP OF RISER . ——

—— TYDE OF SURFACE SEAL: /

1.D. OF SURFACE CASING: /. I

DIAMETER OF HOLE:

RISERPIPE I D
TYPE OF RISER PIPE:

/

ELEVATION/ DEPT™
ELEVATION/ DEPTH T

® OF SEAL.
OFf BEDROCK .

TYPE OF SEAL.

e ELEVATION/DEPTH TOP OF SAND:
SLEVATION/ DEPTH TOP OF SCREEN:
TVYPE OF SCREEN:

SLOT SiZE x LENGTH:

1D SCREEN:

TYPE OF SAND PACK .

OIAMETER OF MOLE IN BEDROCK:
CORE/REAM:

ELEVATION/ DEPTH BOTTOM SCREEN:

ELEVATION / DEPTHM BOTTOM OF HOLE:
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1.0 PURPOSE

The purpose of this procedure is to provide general reference information on the sampling of
groundwater wells. The methods and equipment described are for the coliection of water samples
from the saturated zone of the subsurface.

2.0 SCOPE

This procedure provides information on proper sampling equipment and techniques for groundwater
sampiing. Review of the information contained herein wili facilitate planning of the field sampling
effort by describing standard sampling techniques. The techniques described shall be foliowed
whenever applicable, noting that site-specific conditions or project-specific plans may require
adjustments in methodology.

3.0 GLOSSARY
None.
4.0 RESPONSIBILITIES

Site Hydrogeoiogist or Geochemist - responsibie for selecting and detailing the specific groundwater
sampling techniques and equipment to be used, documenting these in the Project Operations Plan
(POP), and properly briefing the site sampiing personnei.

Site_Geologist- The Site Geologist is primarily responsible for the proper acquisition of the
groundwater samplies. When appropriate, such responsibilities may be performed by other qualified
personnel (engineers, field technicians).

Site Manager - The Site Manager is responsibie for reviewing the sampiing procedures used by the
field crew and for performing in-fieid spot checks for proper sampling procedures.

5.0 PROCEDURES
5.1 GENERAL

To be useful and accurate, a groundwater sampie must be representative of the particular zone of the
water being sampied. The physical, chemical, and bacteriological integrity of the sample must be
maintained from the time of sampling to the time of testing in order to keep any changes in water
quality parameters to a minimum.

Methods for withdrawing samples from completed wells include the use of pumps, compressed air,
bailers, and various types of samplers. The primary considerations in obtaining a representative
sample of the groundwater are to avoid collection of stagnant (standing) water in the well and to
avoid physical or chemical alteration of the water due to sampiing technigues. In a non-pumping
well, there will be little or no vertical mixing of water in the weli pipe or casing, and stratification will
occur. The well water in the screened section will mix with the groundwater due to normal flow
patterns, but the well water above the screened section wili remain isolated and become stagnant.
To safeguard against collecting non-representative stagnant water in a sample, the following
approach shali be followed prior to sampie acquisition:
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1. All monitoring wells shall be purged prior to obtaining a sample. Evacuation of three to
five volumes is recommended for a representative sample. In a high-yielding groundwater
formation and where there is no stagnant water in the well above the screened section,
evacuation prior to sample withdrawal is not as critical.

2. For wells that can be purged to dryness with the sampling equipment being used, the well
shall be evacuated and aliowed to recover prior to sample acquisition. If the recovery rate
is fairly rapid, evacuation of more than one volume of water is preferred.

3. For high-yielding monitoring wells which cannot be evacuated to dryness, there is no
absolute safeguard against contaminating the sample with stagnant water. One of the
following techniques shall be used to minimize this possibility:

® A submersible pump, intake iine of a surface pump or bailer shall be placed just below the
water surface when removing the stagnant water and lowered as the water level
decreases. Three to five volumes of water shall be removed to provide reasonabie
assurance that all stagnant water has been evacuated. Once this is accomplished a bailer
may be used to collect the sample for chemical anaiysis.

\]

® The iniet line of the sampling pump (or the submersible pump itself) shall be placed near
the bottom of the screened section, and approximately one casing voiume of water shall
be pumped from the well at a rate equal to the well’s recovery rate.

Stratification of contaminants may exist in the aquifer formation, both in terms of a concentration
gradients due to mixing and dispersion processes in a homogeneous layer, and in layers of variable
permeability into which a greater or iesser amount of the contaminant piume has flowed. Excessive
pumping can dilute or increase the contaminant concentrations in the recovered sampie compared to
what is representative of the integrated water column at that point, and thus result in the collection
of a non-representative sampie.

5.2

SAMPLING, MONITORING, AND EVACUATION EQUIPMENT

Samplie containers shall conform with EPA regulations for the appropriate contaminants.

The following equipment shall be on hand when sampling ground water wells:

° Samgle packaging and shipping equipment - Coolers for sample shipping and cooling,
chemical preservatives, appropriate packing containers and filler, ice, labels and chain-of-
custody documents.

® Field tools and instrumentation - Thermometer; pH paper/meter; camera and film; tags;
appropriate keys (for locked welis); engineers rule; water-ievel indicator; where
applicable, specific-conductivity meter.

® Pumps

- Shal}ow-well pumps—~Centrifugal, pitcher, suction, or peristaltic pumps with droplines,
air-lift apparatus (compressor and tubing) where applicable.

- Deep-well pumps—submersible pump and electrical power generating unit, or air-lift
apparatus where applicabie.
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e Other sampling equipment - Bailers and monofilament line with tripod-pulley assembly (if

necessary). Bailers shall be used to obtain sampies for volatile organics from shallow and
deep groundwater weils.

Pails - Plastic, graduated.

Decontamination solutions - Distilled water, Alconox, methanol, acetone.

ideally, sample withdrawal equipment shail be compietely inert, economical, easily cleaned,
sterilized, and reused, able to operate at remote sites in the absence of power sources, and capabie of
delivering variable rates for well flushing and sample collection.

5.3

CALCULATIONS OF WELL VOLUME

To insure that the proper volume of water has been removed from the well prior to sampiing it is first
necessary to know the volume of standing water in the well pipe. This volume can be easily
calculated by the following method. Calculations shall be entered in the field logbook and on the
field data form (Attachment A):

Obtain all available information on well construction (location, casing, screens, etc.).
Determine well or casing diameter.

Measure and record static water level (depth below ground level or top of casing reference
point).

Determine depth of well (if not known from past records) by sounding using a clean,
decontaminated weighted tape measure.

Calculate number of linear feet of static water (total depth or length of well pipe minus the
depth to static water level). ‘

Calculate one static well volume in gallons (V = 0. 163Tr2).

where:

\Y =  Static volume of well in gailons.

T = Thickness of water table in the well measured in feet, i.e., linear feet of static
water.

r = Inside radius of well casing in inches.

0.163 = A constant conversion factor which compensates for the conversion of the

casing radius from inches to feet, the conversion of cubic feet to gallons, and
pi.

Determine the minimum amount to be evacuated before sampling.
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5.4 EVACUATION OF STATIC WATER (PURGING)

5.4.1  General

The amount of flushing a well shall receive prior to sample collection will depend on the intent qf the
monitoring program and the hydrogeologic conditions. Programs to determine overall quality of
water resources may require long pumping periods to obtain a sample that is representative of a

~ large volume of that aquifer. The pumped volume may be specified prior to sampling so that the
sample can be a composite of a known volume of the aquifer. Aiternately the well can be pumped
until the parameters such as temperature, electrical conductance, and pH have stabilized. Onsite
measurements of these parameters shall be recorded on the field data form.

For defining a contaminant plume, a representative sample of only a small volume of the aquifer is
required. These circumstances require that the well be pumped enough to remove the stagnant
water but not enough to induce significant groundwater flow from other areas. Generally three to
five well volumes are considered effective for purging a well.

The site hydrogeologist, geochemist and risk assessment personnel shall define the objectives of the
groundwater sampling program in the Work Plan, and provide appropriate criteria and guidance to,
the sampling personnel on the proper methods and volumes of well purging.

5.4.2 Evacuation Devices

The foliowing discussion is limited to those devices commonly used at hazardous waste sites.
Attachment B provides guidance on the proper evacuation device to use for given sampling
situations. Note that all of these techniques involve equipment which is portable and readily
available.

5.4.2.1 Bailers

Bailers are the simplest evacuation devices used and have many advantages. They generaily consist of
a length of pipe with a sealed bottom (bucket-type bailer) or, as is more useful and favored, with a
ball check-vaive at the bottom. An inertiine is used to lower the bailer and retrieve the sample.

Advantages of bailers inciude:

e Few limitations on size and materials used for baiiers.
® No external power source needed.

® Bailers are inexpensive, and can be dedicated and hung in a well to reduce the chances of
cross-contamination.

® Thereis minimal outgassing of volatile organics while the sample is in the bailer.
® Bailers are relatively easy to decontaminate.

Limitations on the use of bailers include the following:

® Itistime consuming to remove stagnant water using a bailer.
® Transter of sample may cause aeration.

® Use of bailers is physically demanding, especially in warm temperatures at protection leveis
above Level D.
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5.4.2.2 Suction Pumps

There are many different types of inexpensive suction pumps including centrifugal, diaphragm,
peristaltic, and pitcher pumps. Centrifugal and diaphragm pumps can be used for well evacuation at
a fast pumping rate and for sampling at a low pumping rate. The peristaltic pump is a low volume
pump (therefore not suitable for well purging) that uses rollers to squeeze a flexible tubing, thereby
creating suction. This tubing can be dedicated to a well to prevent cross contamination. The pitcher
pump is a common farm hand-pump.

These pumps are all portable, inexpensive and readily available. However, because they are based on
suction, their use is restricted to areas with water levels within 20 to 25 feet of the ground surface. A
significant limitation is that the vacuum created by these pumps can cause significant loss of dissolved
gases and volatile organics. In addition, the complex internal components of these pumps may be
difficult to decontaminate.

5.4.2.3 Gas-Lift Sampiers

This group of sampiers uses gas pressure either in the annulus of the well or in a venturi to force the
water up a sampling tube. These pumps are also relatively inexpensive. Gas lift sampiers are more,
suitable for well development than for sampling because the samples may be aerated, leading to pH
changes and subsequent trace metal precipitation or loss of volatile organics.

5.4.2.4 Submersibie Pumps

Submersible pumps take in water and push the sampie up a sample tube to the surface. The power
sources for these samplers may be compressed gas or electricity. The operation principles vary and
the displacement of the sample can be by an inflatable bladder, sliding piston, gas bubble, or
impelier. Pumps are available for 2-inch diameter welis and larger. These pumps can lift water from
considerabie depths (several hundred feet).

Limitations of this class of pumps inciude:

They may have iow delivery rates.

Many models of these pumps are expensive.

Compressed gas or electric power is needed.

Sediment in water may cause clogging of the valves or eroding the impeliers with some of
these pumps.

Decontamination of internal components is difficult and time-consuming.

5.5 SAMPLING

5.5.1 Sampling Plan

The sampling approach consisting of the following, shall be developed as part of the POP prior to the
field work:

® Background and objectives of sampling.
o Brief description of area and waste characterization.

e Identification of sampling locations, with map or sketch, and applicabie wéll construction
data (well size, depth, screened interval, reference eievation).
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e Intended number, sequence volumes, and types of sampies. If the relative degrees'of
contamination between welis is unknown or insignificant, a sampling sequence which
facilitates sampling logistics may be followed. Where some wells are known or strpngly
suspected of being highly contaminated, these shail be sampled last to reduce the risk of
cross-contamination between wells as a result of the sampiing procedures.
® Sample preservation requirements.
® Working schedule.
e List of team members.
® Listof observers and contacts.
e Other information, such as the necessity for a warrant or permission of entry, requirement
for split samples, access probiems, location of keys, etc.
5.5.2 Sampling Methods ‘

The collection of a groundwater sampie is made up of the following steps:

1.

HSO or designee will first open the well cap and use volatile organic detection equipment
(HNU or OVA) on the escaping gases at the well head to determine the need for respiratory
protection.

When proper respiratory protection has been donned, sound the well for total depth and
water level (using clean equipment) and record these data in a well sampling data sheet
(Attachment A); then caiculate the fluid volume in the well pipe.

Calculate well voiumne to be removed as stated in Section 5.3.

Select appropriate purging equipment (see Attachment 8). If an electric submersible pump
with packer is chosen, go to Step 10.

Lower purging equipment or intake into the well to a short distance below the water level
and begin water removal. Collect the purged water and dispose of it in an acceptable
manner. Lower the purging device, as required, to maintain submergence.

Measure rate of discharge frequently. A bucket and stopwatch are most commonly used;
other techniques include using pipe trajectory methods, weir boxes or flow meters.

Observe peristaltic pump intake for degassing “bubbles.” If bubbies are abundant and the
intake is fully submerged, this pump is not suitabie for collecting sampies for volatile
organics. Never coliect volatiie organics samples using a vacuum pump.

Purge a minimum of three-to-five casing volumes before sampling. In low permeability
strata (i.e., if the well is pumped to dryness), one volume wiil suffice.

If sqmpling using a pump, lower the pump intake to midscreen or the middie of the open
section ir? uncased welis and collect the sampie. |f sampling with a bailer, lower the bailer
to sampling level before filling (this requires use of other than a ‘bucket-type’ bailer).
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Purged water shall be collected in a designated container and disposed of in an acceptabie
manner.

10. (For pump and packer assembly only). Lower assembly into well so that packer is
positioned just above the screen or open section and inflate. Purge a volume equal to at
least twice the screened interval or unscreened open section volume below the packer
before sampling. Packers shall always be tested in a casing section above ground to
determine proper inflation pressures for good sealing.

11. in the event that recovery time of the well is very siow (e.g., 24 hours), sample collection
can be delayed until the following day. If the well has been bailed early in the morning,.
sufficient water may be standing in the well by the day’s end to permit sampie collection. f
the well is incapable of producing a sufficient volume of sampie at any time, take the
largest quantity available and record in the logbook.

12. Add preservative if required. Label, tag, and number the sampie bottie(s).

13. Replace the well cap. Make sure the well is readily identifiable as the source of the
samples. \

14. Pack the samples for shipping. Attach a custody seal to the front and back of the shipping
package. Make sure that traffic reports and chain-of-custody forms are properly filled out
and enclosed or attached.

15. Decontaminate all equipment

5.5.3 Sampie Containers

For most samples and analytical parameters, either glass or plastic containers are satisfactory.

5.54  Preservation of Samples and Sample Volume Requirements

" Sample preservation techniques and volume requirements depend on the type and concentration of
the contaminant and on the type of analysis to be performed. Procedure SF-1.2 describes the sample
preservation and volume requirements for most of the chemicals that will be encountered during
hazardous waste site investigations. Procedure SA-4.3 describes the preservation requirement for
microbial sampies.

5.5.5 Handling and Transporting Samples

After collection, samples shall be handled as little as possible. It is preferable to use self-contained
“chemical” ice (e.g., “blue ice”) to reduce the risk of contamination. If water ice is used, it shall be
bagged and steps taken to ensure that the meited ice does not cause sample containers to be
submerged and thus possibly become cross-contaminated. All sample containers shall be enclosed in
plastic bags or cans to prevent cross-contamination. Samples shall be secured in the ice chest to
prevent movement of sample containers and possible breakage. Sample packing and transportation
requirements are described in SA-6.2.

5.5.6 Sample Holding Times

Hoiding times (i.e. allowed time between sampie coliection and analysis) for routiﬁe samples are
given in Procedure SF-1.2.
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5.6 RECORDS

Records will be maintained for each sample that is taken. The sample log sheet will be used to record
the following information:

e Sampie identification (site name, location, project number; sample name/number and
location; sample type and matrix; time and date; sampler's identity).

o Sample source and source description.

e Purge data - prior to removal of each casing volume and before sampling, pH, electrical’

conductance, temperature, color, and turbidity shall be measured and recorded.

e Field observations and measurements (appearance; volatile screening; field chemistry;
sampling method).

e Sample disposition (preservatives added; iab sent to, date and time; lab sampie number,
EPA Traffic Report or Special Anaiytical Services number, chain-of-custody number.

® Additional remarks - (e.g., sampled in conjunction with state, county, local regulatory
authorities; samples for specific conductance value only; sampied for key indicator
analysis; etc.).
5.7 CHAIN-OF-CUSTODY

Proper chain-of-custody procedures play a crucial role in data gathering. Procedure SA-6.1 describes
the requirements for a correct chain-of-custody.
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7.0 ATTACHMENTS

Attachment A - Well Sampling Data Sheet
Attachment B - Purging Equipment Selection
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OAHJWCGNDGW

Oroject Site Name

—J Other

Project Site Number

NUS Source No.

Source Location

Total We'! Depth:

Purce Data

well Casing Size & Depth:

vYoiume | pe S.C. :Temp. {°C\|

Color & Turbidivy

1
Staric Water Level: i
One Casing Volume: ,
Start durge (nrs.): |
ind Purce (hrs.) ! | !
Tazal Purge Time (rmin.) ! / !
Total Amount Purged (gal.j: { i
“onitor Reading: l 1
! i
Syrae Methoa* | ' i
Sarrole Method: | | ' |
Jepin Sampied:
Sampie Date & Time: . Sampie Data
o | S¢ | Temp.(°C) [ Color & Turb.dity
Samoied By" ‘ i
Signature(s). Cobservations / Notes:
Type of Sampie
C tow Concentration
{0 +igh Concentration
] Grab
O composite
i Grab -Compente
Anaysis: Sreservative ! Jrgamic | rerganc
Traffic Reoorte | I
Tag @
‘ AB v | ;
! Date Sripoed | |
Il Time $Sn:00eg .
Y ' '
i g
| Volume
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4.0 RESPONSIBILITIES

Field Operations Leader - Responsible for determining that chain-of-custody procedures are
implemented up to and including release to the shipper.

Field Samplers - Responsible for initiating the Chain-of-Custody Record and maintaining custody of
samples until they are relinquished to another custodian, to the shipper, or to the common carrier.

Remedial Investigation Leader - Responsible for determining that chain-of-custody procedures have
been met by the sample shipper and analytical laboratory.

5.0 PROCEDURES
5.1 OVERVIEW

The term “chain-of-custody” refers to procedures which ensure that evidence presented in a court of
law is what it is represented to be. The chain-of-custody procedures track the evidence from the time
and place it is first obtained to the courtroom and, secondly, provide security for the evidence as it is
moved and/or passes from the custody of one individual to another.

Chain-of-custody procedures, recordkeeping, and documentation are an important part of the
management control of samples. Regulatory agencies must be able to provide the chain of
possession and custody of any samples that are offered for evidence, or that form the basis of
analytica! test results introduced as evidence. Written procedures must be available and followed
whenever evidence samples are collected, transferred, stored, analyzed, or destroyed.

5.2 SAMPLE IDENTIFICATION

The method of identification of a sample depends on the type of measurement or analysis
performed. When in-situ measurements are made, the data are recorded directly in bound logbooks
or other fieid data records, with identifying information.

5.2.1 Sample Label

Samples, other than in-situ measurements, are removed and transported from the sampie location to
a laboratory or other location for anaiysis. Before removal, however, a sampie is often divided into
portions, depending upon the anaiyses to be performed. Each portion is preserved in accordance
with the Sampling Plan. Each sample container is identified by a sampie label (see Attachment 8).
Sampie labeis are provided by the PMO. The information recorded on the sample label includes:

® Project: EPA Work Assignment Number (can be obtained from the Sampling Plan).

e Station Location: The unique sample number identifying this sample (can be obtained
from the Sampling Plan).

® Date: A six-digit number indicating the day, month, and year of sampie collection;
e.g., 12/21/85.

® Time: A four-digit number indicating the 24-hour time of collection (for exampie: 0954 is
9:54a.m.,and 1629is4:29 p.m.).

® Medium: Water, soil, sediment, sludge, waste, etc.
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e Concentration: The expected concentration (i.e., low, medium, high).

e Sample Type: Grab or composite.

e Preservation: Type of preservation added and pH levels.

e Analysis: VOA, BNAs, PCBs, pesticides, metals, cyanide, other.

e Sampled By: Printed name of the sampler.

e (Case Number: Case number assigned by the Sample Management Office.

e Traffic Report Number: Number obtained from the traffic report labeis.

e Remarks: Any pertinent additional information.
Using just the work assignment number of the sample label maintains the anonymity of sites. This
may be necessary, even to the extent of preventing the iaboratory performing analysis from knowing .

the identity of the site (e.g., if the laboratory is part of an organization that has performed previous
work on the site).

5.2.2 Sample Identification Tag

A Sample Identification Tag (Attachment F) must also be used for sampies collected for CLP (Contract
Laboratory Program) anaiysis. The Sampie Identification Tag is a w- >, waterproof paper label,
approximately 3-by-6 inches, with a reinforced eyelet, and strirg or w:  or attachment to the neck
of the sample bottle. The Sample Tag is a controlled document, and 1. >vided by the regional EPA
office. Following sampie analysis, the Sample Tag is retained by the la  3tory as evidence of sample
receipt and analysis.

The following information is recorded on the tag:

e Project Code: Work Assignment Number.

e Station Number: The middle portion of the Station Location Number, (between the
hyphens).

¢ Month/Day/Year: Same as Date on Sample Label.

® Time: Same as Time on Sampie Label.

¢ Designate - Comp/Grab: Composite or grab sample.

® Station Location: Same as Station Location on Samplie Label.
¢ Samplers: Same as Sampled By on Sample Label.

® Preservative: Yesor No.

e Analyses: Check appropriate box(es).

D133a901
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® Remarks: Same as Remarks on Sampie Label (make sure the Case Number and Traffic
Report numbers are recorded).

e Lab Sampie Number: For laboratory use only.
The tag is then tied around the neck of the sampie bottle.

If the sampie is to be split, it is aliquoted into similar sample containers. Identical information is
compieted on the label attached to each split.

Blank, duplicate, or field spike samples shall not be identified as such on the label, as they may
compromise the quality control function. Sample blanks, duplicates, spikes, and splits are defined in
Procedure SA-6.6.

5.3 CHAIN-OF-CUSTODY PROCEDURES

After collection, separation, identification, and preservation, the sample is maintained under
chain-of-custody procedures until it is in the custody of the analytical laboratory and has been stored
or disposed of.

5.3.1 Fieid Custody Procedures

® Samples are collected as described in the site-specific Sampling Plan. Care must be taken to
record preciseiy the sampie location and to ensure that the sampie number on the label
matches the sample log sheet and Chain-of-Custody Record exactly.

® The person undertaking the actual sampling in the field is responsible for the care and
custody of the samples coliected until they are properly transferred or dispatched.

® When photographs are taken of the sampling as part of the documentation procedure, the
name of the photographer, date, time, site iocation, and site description are entered
sequentially in the site logbook as photos are taken. Once developed, the photographic
prints shall be serially numbered, corresponding to the logbook descriptions.

® Sample labeis shall be compieted for each sample, using waterproof ink uniess prohibited
by weather conditions, e.g., a logbook notation would explain that a pencil was used to fill
out the sample label because a ballpoint pen would not function in freezing weather.

5.3.2 Transfer of Custody and Shipment

Samples are accompanied by a Chain-of-Custody Record Form. Chain-of-Custody Record Forms used
in EPA Regions |-V are shown in Attachments A through D. The appropriate form shall be obtained
from the EPA Regional Office. When transferring the possession of sampies, the individuals
relinquishing and receiving will sign, date, and note the time on the Record. This Record documents
sample custody transfer from the sampler, often through another person, to the analyst in the
laboratory. The Chain-of-Custody Record is filled out as follows:

¢ Enter header information (project number, sampiers, and project name — project name can
be obtained from the Sampling Plan).

® 5ign, date, and enter the time under “Relinquished by” entry.
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® Enter station number (the station number is the middie portion of the station location
number, between the hyphens).

® Check composite or grab sampie.

e Enter station iocation number (the same numbper as the station location on the tag and
label).

e Enter the total number of containers per station number and the type of each bottle.

® Enter either the inorganic traffic report number, the organic traffic report number, or the .
SAS number for each station number in the remarks column.

e Enter the tag number from the bottom of the sample identification tag in the remarks
-column for each station location,

® Make sure that the person receiving the sample signs the “Received by” entry, or enter the
name of the carrier (e.g., UPS, Federal Express) under “Received by.” Receiving laboratory
will sign “Received for Laboratory by” on the lower line and enter the date and time.

¢ Enter the bill-of-lading or Federal Express airbill number under “Remarks,” in the bottom
right corner, if appropriate.

e Place the original (top, signed copy) of the Chain-of-Custody Record Form in the
appropriate sample shipping package. Retain the pink copy with field records.

® Sign and date the custody seal, a 1- by 3-inch white paper iabel with black lettering and an
adhesive backing. Attachment G is an example of a custody seal. The custody seal is part of
the chain-of-custody process and is used to prevent tampering with samples after they have
been coliected in the field. Custody seals are provided by ZPMO on an as-needed basis.

® Place the seal across the shipping container opening so that it would be broken if the
container is opened.

¢ Compiete other carrier-required shipping papers.

The custody record is completed using black waterproof ink. Any corrections are made by drawing a
line through and initialing and dating the change, then entering the correct information. Erasures
are not permitted.

Common carriers will usually not accept responsibility for handiing Chain-of-Custody Record Forms;
this necessitates packing the record in the sample container (enciosed with other documentation in a
plastic zip-lock bag). As long as custody forms are sealed inside the sample container and the custody
seals are intact, commercial carriers are not required to sign off on the custody form.

If sent by mail, the package will be registered with return receipt requested. [f sent by common
carrier or air freight, proper documentation must be maintained.

The. laboratory representative who accepts the incoming sampie shipment signs and dates the
Chain-of-Custody Record, compieting the sample transfer process. It is then the laboratory’s

resu:loqsibility to maintain internal logbooks and custody records throughout sample preparation and
analysis.
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533 Receipt for Sampies Form

Whenever samples are split with a private party or government agency, a separate Receipt for
Samples Record Form is prepared for those samples and marked to indicate with whom the sampies
are being split. The person relinquishing the samples to the party or agency shall require the
signature of a representative of the appropriate party acknowledging receipt of the samples. If a
representative is unavailable or refuses to sign, this is noted in the "Received by” space. When
appropriate, as in the case where the representative is unavailable, the custody record shall contain a
statement that the samples were delivered to the designated location at the designated time. This
form must be completed and a copy given to the owner, operator, or agent-in-charge even if the.
offer for split samples is declined. The original is retained by the Field Operations Leader.

6.0 REFERENCES

U.S. EPA, 1984. User's Guide to the Contract Laboratory Program, Office of Emergency and Remediali
Response, Washington, D.C.

7.0 ATTACHMENTS

Attachment A - Chain-of-Custody Record Form for use in Region |
Attachment 8 - Chain-of-Custody Record Form for use in Region
Attachment C - Chain-of-Custody Record Form for use in Region lil
Attachment D - Chain-of-Custody Record Form for use in Region IV
Attachment E - Sample Label

Attachment F - Sample identification Tag

Attachment G - Chain-of-Custody Seal
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ATTACHMENT A

CHAIN-OF-CUSTODY RECORD FORM FOR USE IN REGION |
(Original is 8-1/2 by 11)
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Ose / Time Iwh

Sigronwe)
: (igrotere)

Remarks:

|

omlr"n-

| (== ey F—
WM by: [Signesure)

L)
OF
©oon-
TAINERS

STATION LOCATION

Date / Time  [Recwived far Loberstary by:

Data / Time 1»..5-4 by: (Signoture)

Dote / Time [Received by: (Signature)

r——

PROJECT NAME

by: (Sogroture)

SAMPLERS: {Sprerwry)
STA. NO.{ DATE | g a

Relnquithed by: (Syronael

Nelongrsived by: (Sgrorwre]

—

D334901




s

Subject Numbper Page
. ‘TIO 5A-6.1 9of 14
SAMPLE IDENTIFICATION —— ———
AND CHAIN-OF-CUSTODY cavedate  os0a/90
ATTACHMENTB
CHAIN-OF-CUSTODY RECORD FORM FOR USE IN REGION Ii
(Original is 8 by 10-1/2)
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ATTACHMENTC
CHAIN-OF-CUSTODY RECORD FORM FOR USE IN REGION Il
(Original is 8-1/2 x 11-3/4")
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CHAIN-OF-CUSTODY SEAL
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Reportable Quantity (RQ) - A parenthetical note of the form "(RQ-1000/454)" foliowing an entry in
the DOT Hazardous Materials tabie (49 CFR 172.101) indicates the reportable quantity of the
substance in pounds and kilograms. If a spill of that amount or more of the substance occurs during
transit or storage, a report must be filed with DOT according to ¥171.15-15 concerning hazardous
materials incidents reports. |f the material spilled is a hazardous waste, a report must always be fiied,
. regardiess of the amount, and must inciude a copy of the manifest. If the RQ notation appears, it
must be shown either immediately before or after the proper shipping name on the shipping paper
(or manifest). Most shipping papers and manifests will have a column designated “HM” which may

be used for this purpose.
4.0 RESPONSIBILITIES

Field Operations Leader or Team Sampling Leader - responsibie for determining that sampies are
properly packaged and shipped.

Sampling Personnel - responsible for implementing the packaging and shipping requirements.
5.0 PROCEDURES
5.1 INTRODUCTION

Samples colliected for shipment from a site shall be classified as either environmental or hazardous
material (or waste) samples. In general, environmental samples are coliected off-site (for example
from streams, ponds, or wells) and are not expected to be grossly contaminated with high levels of
hazardous materials. On-site samples (for example, soil, water, and materiais from drums or buik
.storage tanks, cbviously contaminated ponds, iagoons, pools, and ieachates from hazardous waste
sites) are considered hazardous. A distinction must be made between the two types of samples in
order to:

® Determine appropriate procedures for transportation of samples. If there is any doubt, a
sample shall be considered hazardous and shipped accordingly.

® Protect the heaith and safety of laboratory personnel receiving the samples. Special
precautions are used at laboratories when sampies other than environmental samples are
received.

5.2 ENVIRONMENTAL SAMPLES

5.2.1 Packaging

Environmental samples may be packaged following the procedures outlined in Section 5.4 for
samples classified as " flammable liquids” or “flammable solids.” Requirements for marking, labeling,
and shipping papers do not apply.

Environmental samples may also be packed without being placed inside metal cans as required for
flammabile liquids or solids.
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e Place sample container, properly identified and with a sealed lid, in a polyethyiene bag,
and seal the bag.

e Place sample in a fiberboard container or metal picnic cooler which has been lined with a
large polyethylene bag.

® Pack with enough noncombustible, absorbent, cushioning materials to minimize the
possibility of the container breaking.

e Seal large bag.
e Seal or close outside container.

5.2.2 Marking Labeling

Sampie containers must have a completed sampie identification tag and the outside container must
be marked “Environmental Sampie.” The appropriate side of the container must be marked “This
End Up“ and arrows placed appropriately. No DOT marking or labeling are required.

5.2.3  shipping Papers

No DOT shipping papers are required. However, the appropriate chain-of-custody forms must be
included with the shipment.

5.2.4  Transportation

There are no DOT restrictions on mode of transportation.

5.3 DETERMINATION OF SHIPPING CLASSIFICATION FOR HAZARDOUS MATERIAL SAMPLES
Samples not determined to be environmental samples, or samples known or expected to contain
hazardous matenals, must be considered hazardous material sampies and transported according to

the requirements listed below.

5.3.1 Known Substances

If the substance in the sample is known or can be identified, package, mark, label and ship according

to the specific instructions for that material (if it is listed) in the DOT Hazardous Materiais Table,
49 CFR 172.101.

Unz and Company have published the foliowing steps to help in locating a proper shipping name
from the Hazardous Materials Table, 49 CFR 172.101.

1. Look first for the chemical or technical name of the material, for example, ethyl alcohol.
Note that many chemicals have more than one technical name, for example,
perchioroethyiene (not listed in 172.101) is aiso called tetrachioroethyiene (listed 172.101).
It may be useful to consuit a chemist for all possible technical names a material can have. If
your material is not listed by its technical name then

D334901
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2. Look for the chemical famiily name. For example, pentyl alcohol is not listed but the
chemical family name is: alcohol, n.o.s. (not otherwise specified). if the chemical family
nameisnotlistedthen. . . . ... ..

3. Look for a generic name based on end use. For example, Paint, n.o.s or Fireworks, n.o.s. If
a generic name based on end use is notlistedthen. . . . . . ...

4. Look for a generic family name based on end use, for example, drugs, n.o.s. or cosmetics,
n.o.s. Finally, if your material is not listed by a generic family name but you suspect or
know the material is hazardous because it meets the definition of one or more hazardous
classes, then. . . . . . ..

5. You will have to go the the general hazard class for a proper shipping name. For example,
Flammable Liquid, n.o.s, or Oxidizer, n.o.s.

532 Unknown Substances

For sampies of hazardous substances of unknown content, select the appropriate transportation
category according to the DOT Hazardous Materials Classification (Attachment A), a priority system of .
transportation categories.

The correct shipping classification for an unknown sample is selected through a process of
elimination, utilizing AttachmentA. Unless known or demonstrated otherwise (through the use of
radiation survey instruments), the sample is considered radioactive and appropriate shipping
regulations for “radioactive material“ followed.

If a radioactive material is eliminated, the sample is considered to contain "Poison A" materials
(Attachment B), the next classification on the list. DOT defines “Poison A" as extremely dangerous
poisonous gases or liquids of such a nature that a very small amount of gas, or vapor of the liquids,
mixed with air is dangerous to life. Most Poison A materials are gases or compressed gases and would
not be found in drum-type containers. Liquid Poison A would be found oniy in ciosed containers;
however,all sampies taken from closed drums do not have to be shipped as Poison A, which provides
for a “worst case” situation. Based upon information available, a judgment must be made whether a
sampie from a closed container is a Poison A.

If Poison A is eliminated as a shipment category, the next two classifications are “flammable” or
“nonflammable” gases. Since few gas samples are coliected, “flammable liquid” would be the next
applicable category. With the elimination of radioactive material, Poison A, flammable gas, and
nonflammable gas, the sample can be classified as flammable liquid (or solid) and shipped
accordingly. These procedures would also suffice for shipping any other samples classified beiow
flammable liquids in the DOT classification table (Attachment A). For sampies containing unknown
materials, categories listed below flammabie liquids/solids on Attachment A are generally not used
because showing that these materials are not flammable liquids (or solids) requires flashpoint testing,
which may be impractical and possibly dangerous at a site. Thus, uniess the sample is known to
consist of materials listed as less hazardous than flammable liquid (or solid) on Attachment A, it is
considered a flammable liquid (or solid) and shipped as such.

For any hazardous material shipment, utilize the shipping checklist (Attachment C) as a guideline to
ensure that all sampie-handling requirements are satisfied.
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5.4 PACKAGING AND SHIPPING OF SAMPLES CLASSIFIED AS FLAMMABLE LIQUID (OR SOLID)
5.4.1 Packaging

Applying the word “flammabie” to a sample does not imply that it is in fact flammabie. The word
prescribes the class of packaging according to DOT regulations.

1.

54.2

1.

Collect sample in the prescribed container with a nonmetallic, Teflon-lined screw cap. To
prevent leakage, fill container no more than 90 percent full.

Complete sample label and sampie identification tag and attach securely to sample '

container.

Seal container and place in 2-mil thick (or thicker) polyethylene bag, one sampie per bag.

- Position sampie identification tag so that it can be read through bag. Seal bag.

Place sealed bag inside metai can and cushion it with enough noncombustible, absorbent
material (for example, vermiculite or diatomaceous earth) between the bottom and sides

of the can and bag to prevent breakage and absorb leakage. Pack one bag per can. Use .

clips, tape, or other positive means to hold can lid securely, tightly and permanently. Mark
can as indicated in Paragraph 1 of Section 5.4.2, below.

Place one or more metal cans (or single 1-galion bottle) into a strong outside container,
such as a metal picnic cooler or a DOT-approved fiberboard box. Surround cans with
noncombustible, absorbent cushioning materials for stability during transport. Mark
container as indicated in Paragraph 2 of Section 5.4.2.

Marking/Labelin

Use abbreviations only where specified. Place the following information, either hand-
printed or in label form, on the metal can (or 1-galion bottie):

e, Laboratory name and address.

¢ “Flammable Liquid, n.o.s. UN1993" or "Flammabie Solid, n.0.s. UN1325."

Not otherwise specified (n.o.s) is not used if the flammable liquid (or solid) is identified. Then the
name of the specific material is listed before the category (for exampie, Acetone, Flammable Liquid),
followed by its appropriate UN number found in the DOT Hazardous Materials table {49 CFR 172.101).

2.

Place all information on outside shipping container as on can (or bottle), specifically:

Proper shipping name.
UN or NA number.
Proper label(s).
Addressee and sender.

Place the following iabeis on the outside shipping container: "Cargo Aircraft Only” and
“Flammable Liquid” (or “Flammable Solid”). “Dangerous When Wet" label shall be used if
the solid has not been exposed to a wet environment. "Laboratory Samples” and “THIS
SIDE UP" or "THIS END UP" shall aiso be marked on the top of the outside container, and
upward-pointing arrows shall be placed on all four sides of the container.
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543  shipping Papers

1. Use abbreviations only where specified. Complete the carrier-provided bill of lading and
sign certification statement (if carrier does not provide, use standard industry form, see
Attachment D). Provide the following information in the order listed (one form may be
used for more than one exterior container).
® "Flammable Liquid, n.o.s. UN1993° or "Flammable Solid, n.o.s. UN1325."
® “Limited Quantity” (or “Ltd. Qty.").
® “"Cargo Aircraft Only.”
¢ Net weight (wt) or net volume (vol), just before or just after “Flammable Liquid, n.o.s.”

or "Flammable Solid, n.o.s.,” by item, if more than one metal can is inside an exterior
container.
& “Laboratory Samples” (if applicable).
2. Include Chain-of-Custody Record, properly executed in outside container.
3. “Limited Quantity” of “Flammable Liquid, n.0.s.” is limited to one pint per inner container.

For “Flammable Solid, n.o.s.,” net weight of inner container plus sample shall not exceed
one pound; total package weight shall not exceed 25 pounds.

544  Transportation

1. Transport unknown hazardous substance samples classified as flammable liquids by rented
or common carrier truck, railroad, or express overnight package services. Do not transport
by any passenger-carrying air transport system, even if they have cargo-only aircraft. DOT
regulations permit regular airline cargo-only aircraft, but difficulties with most suggest
avoiding them. instead, ship by airline carriers that only carry cargo.

2. For transport by government-owned vehicle, including aircraft, DOT regulations do not
apply. However, procedures described above, with the exception of execution of the bill of
lading with certification, shall still be used.

6.0 REFERENCES

U.S. Department of Transportation, 1983. Hazardous Materials Regulations, 49 CRF 171-177.
NUS Standard Operating Procedure SA-6.1 - Samplie Identification and Chain-of-Custody
NUS Standard Operating Procedure SA-1.2 - Sample Preservation

NUS Standard Operating Procedure SF-1.5 - Compatibility Testing
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Hazardous Materials Shipping Checklist
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DOT HAZARDOUS MATERIAL CLASSIFICATION (49 CFR 173.2)

Radioactive material (except a limited quantity)

Poison A

Flammable gas

Nonflammable gas

Flammable liquid

Oxidizer _

Flammable Soiid

Corrosive material (liquid)

Poison B

Corrosive material (solid)

{rritating material

Combustible liquid (in containers having capacities exceeding 110 galions [416 liters})
ORM-B

ORM-A

Combustible liquid (in containers having capacities of 110 galions [416 liters] or iess)

ORM-E
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DOT LIST OF CLASS "A” POISON (49 CFR 172.101)

Physical State at
Material Standard
Temperature
Arsine Gas
Bromoacetone Liquid
Chioropicrin and methyl chloride mixture Gas
Chloropicrin and qonﬂammable,nonliqueﬁed Gas
compressed gas mixture
Cyanogen chloride Gas (> 13.1°C)
Cyanogen gas Gas
Gas identification set Gas
Gelatin dynamite (H. E. Germaine) ——
Grenade (with Poison "A* gas charge) —
Hexaethyl tetraphosphate/compressed gas mixture Gas
Hydrocyanic (prussic) acid solution Liquid
Hydrocyanic acid, liquefied Gas
insecticide (liquefied) gas containing Poison "A” or | Gas
Poison "B° material
Methyldichioroarsine Liquid
Nitric oxide Gas
Nitrogen peroxide Gas
Nitrogen tetroxide Gas
Nitrogen dioxide, liquid Gas
Parathion/compressed gas mixture Gas
Phosgene (diphosgene) Liquid
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ATTACHMENT C
HAZARDOUS MATERIALS SHIPPING CHECKLIST

PACKAGING

bwmn -~

Check DOT 172.500 table for appropriate type of package for hazardous substance.
Check for container integrity, especially the closure.

Check for sufficient absorbent material in package.

Check for sample tags and log sheets for each sampie, and cham-of-custody record.

SHIPPING PAPERS -

pary

w N

oo NOWUn A

Check that entries contain only approved DOT abbreviations.

‘Check that entries are in English.

Check that hazardous material entries are specially marked to differentiate them from any
nonhazardous materials being sent using same shipping paper.

Be careful all hazardous classes are shown for multiciass materials.

Check total amounts by weight, quantity, or other measures used.

Check that any limited-quantity exemptions are so designated on the shipping paper.

Offer driver proper piacards for transporting vehicle.

Check that certification is signed by shipper.

Make certain driver signs for shipment.

RCRA MANIFEST

1

Nowmew

Check that approved state/federal manifests are prepared.

Check that transporter has the following: valid EPA identification number, valid driver's
license, valid vehicle registration, insurance protection, and proper DOT labeis for materials
being shipped.

Check that destination address is correct.

Check that driver knows where shipment is going.

Check that the driver is aware of emergency procedures for spills and accidents.

Make certain driver signs for shipment

Make certain one copy of executed manifest and shipping document is retained by shipper.
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1.0 PURPOSE
This procedure describes the process for keeping a site logbook.

2.0 SCOPE

The site logbook is a controlied document which records all major on-site activities during a Remedial
Investigation/Feasibility Study. At a minimum, the following activities/events shail be recorded in the
site logbook: _

Arrival/departure of site visitors

Arrival/departure of equipment

Sample pickup (chain-of-custody form numbers, carrier, time)

Sampling activities/sample logsheet numbers

Start or completion of borehoie/trench/monitoring well installation or sampiing activities
Health and Safety issues

The site logbook is initiated at the start of the first on-site activity (e.g., initial reconnaissance survey).
Entries are made for every day that on-site activities take place which invoive RIFS contractor
personnel. One current site logbook is maintained per site.

The site logbook becomes part of the permanent site file maintained in the RI contractor’s office.
Because information contained in the site logbook may be admitted as evidence in cost recovery or
other legal proceedings, it is critical that this document be properly maintained.

3.0 GLOSSARY

Site Logbook - The logbook is a bound notebook with consecutively numbered pages that cannot be
removed. Upon entry of data, the iogbook requires signature by the responsible site leader (see
Section 5.1).

4.0 RESPONSIBILITIES

The site logbook is issued by the Regional Manager (or his designee) to the Site Manager for the
duration of the project. The Site Manager releases the site logbook to the Field Operations Leader or
other person responsible for the direction of on-site activities (e.g., Reconnaissance Survey Team
Leader, Sampling Team Leader). It is the responsibility of this person (or his designee) to keep the site
logbook current while in his possession, and return it to the Site Manager or turn it over to anather
field team. Following the completion of all fieidwork, the site logbook is returned to the Site
Manager for inclusion in the permanent site files.

5.0 PROCEDURES

S.1 GENERAL

The cover of each site logbook contains the following information:
Project Name

NUS Project Number

RI/FS Contractor and Site Manager's Name
Sequential Book Number
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e StartDate
e EndDate

Daily entries into the logbook may contain a variety of information. At the beginning of each day the
following information must be recorded:

Date

Starttime

Weather

All field personnel present
Any visitors present ‘

During the day, a summary of all site activities and level of personal protection shall be recorded in
the logbook. The information need not duplicate that recorded in other field notebooks (e.g.,
sample logbook, Site Geologist’'s notebook, Health and Safety Officer's notebook, etc.), but shall
summarize the contents of these other notebooks and refer to the page locations in these notebooks
for detailed information. An example of a site logbook page is shown in Attachment A.

The sampie logsheet for each sample collected (see Procedure SA-6.6) must be referenced. If .
measurements are made at any location, the measurements and equipment used must either be
recorded in the site logbook or reference must be made to the notebook and page number(s) on
which they are recorded (see Attachment A).

All entries shall be made in black pen. No erasures are permitted. If an incorrect entry is made, the
data shall be crossed out with a single strike mark, and initialed and dated. At the compietion of
entries by any individual, the logbook must be signed. It must also be signed by the Field Operations
Leader or responsible site leader at the end of each day.

5.2 PHOTOGRAPHS

When movies, slides, or photographs are taken of a site or any monitoring location, they are
numbered to correspond to logbook entries. The name of the photographer, date, time, site
location, site description, and weather conditions are entered in the logbook as the photographs are
taken. A series entry may be used for rapid-sequence photographs. The photographer is not
required to record the aperture settings and shutter speeds for photographs taken within the normal
automatic exposure range. However, special lenses, films, filters, and other image-enhancement
techniques must be noted in the logbook. If possible, such techniques shall be avoided, since they can
adversely affect the admissibility of photographs as evidence. Chain-of-custody procedures depend
upon the subject matter, type of film, and the processing it requires. Film used for aerial
photography, confidential information, or criminal investigation require chain-of-custody
procedures. Adequate logbook notation and receipts may be used to account for routine film
processing. Once processed, the slides of photographic prints shall be serially numbered and labeled
according to the logbook descriptions.

6.0 REFERENCES
None.
7.0 ATTACHMENTS

Attachment A - Typical Site Logbook Entry
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ATTACHMENT A
TYPICAL SITE LOGBOOK ENTRY

START TIME: _ DATE:

SITE LEADER:

PERSONNEL:

NUS | DRILLER EPA

WEATHER: Clear, 68°F, 2-5 mph wind from SE

ACTIVITIES:

1. Steam jenney and fire hoses were set up.

2. Drilling activities at well resumes. Rig geologist was .
See Geologist's Notebook, No.1, page29:30, for details of drilling activity. Sample
No. 123-21-54 collected; see sampie logbook, paged42. Drilling activities completed at 11:50
and a 4inch stainless steel well installed. See Geologist's Notebook, No. 1, page 31, and well
construction details for well

3. Drilling rig No.2 steam-cieaned at decontamination pit. Then set up at location of
well

4. Well drilled. Rig geologist was . See
Geologist's Notebook, No.2, page tor details ot drilling activities. Sample
numbers 123-22-S1, 123-22-52, and 123-22-33 collected; see sample logbook, pages43, 44,
and 45.

5. Well was developed. Seven 55-gallon drums were filled in the flushing stage. The
well was then pumped using the pitcher pump for 1 hour. At the end of the haur, water
pumped from weli was “sand free.”

6. EPA remedial project manger arrives on-site at 14:25 hours.

7. Large dump truck arrives at 14:45 and is steam-cleaned. Backhoe and dump truck set up over
test pit

8. Test pit dug with cuttings placed in dump truck. Rig geologist was

. See Geologist's Notebook, No. 1, page 32, for details of test
pit acuvities. Test pit subsequently filled. No samples taken for chemical analysis. Due to
shallow groundwater table, filling in of test pit resuited in a very soft and wet area. A
mound was developed and the area roped off.

9. Express carrier picked up samples (see Sampie Logbook, pages 42 through 45) at 17:50 hours.

Site activities terminated at 18:22 hours. All personnei offsite, gate locked.

Field Operations Leader
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1.0 PURPOSE

This procedure contains examples of forms in current use for Rl activities, and a brief explanation of
the function of these forms. The intent of this procedure is simply to compile and introduce these
forms, and not to provide detailed explanations of the Forms.

- 2.0 SCOPE

Attachment A lists the forms illustrated in this procedure. Forms identified as controlled documents
are issued by EPA, are sequentially numbered, and may not be altered. Those which are not listed as
controlled documents and not required documents issued by EPA may be altered or revised for
project-specific needs, with notification of.

3.0 GLOSSARY

Controlied Document - A consecutively-numbered form released by EPA for use on a particular work
assignment. All unused forms must be returned or accounted for at the conclusion of the assignment.

4.0 RESPONSIBILITIES

Field Operations Leader - The Field Operations Leader is responsible for ensuring that the appropriate
forms illustrated in this guideline are correctly used and accurately filled out. In general, the
sampling technician or Field Operations Leader will fill out forms related to sample labeling,
shipment and analysis (see Section 5.1); the site geologist/geohydrologist will fill out borings logs,
groundwater level and geohydrological test forms (see Section 5.2); and the Field Operations Leader,
site Health and Safety Officer, or field technicians, will fill out equipment calibration and
maintenance records (see Section 5.3).

5.0 PROCEDURES

5.1 SAMPLE COLLECTION, LABELING, SHIPMENT AND REQUEST FOR ANALYSIS

5.1.1 Sample Label

The sample label is a 2-by 4-inch white label with black lettering and an adhesive backing.
Attachment B-1 is an example of a sampie label. These labels are required on every sample but are
not controlled documents. Guidelines for filling out sample labels are contained in SA-6.1.

5.1.2 Sample Identification Taq

The Sample Identification Tag (AttachmentB-2) must be used with samples collected for Contract
Laboratory Program (CLP) analysis. The tag is a white, heavy paper label that is attached to the neck
of the sample bottle with a string or wire. The Sample Identification Tag is a controlied document,
and is available from the Regional Sampie Control Center (RSCC). Procedure SA-6.1 provides the steps
in filling out Sample Identification Tags.

5.1.3 Chain-of-Custody Record Form

The Chain-of-Custody Record Form accompanies a sampie (or group of samples) as it is transferred
from person to person. This form must be used for any samples collected for chemical or geotechnical
analysis, whether on-site or off-site. it is a controlled document. Each EPA Region in Zone 1 uses a
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slightly different Chain-of-Custody form. AttachmentB-3 illustrates a Chain-of-Custody Record form
used by Region lil. Chain-of-custody record forms for Regions|, I, and IV are illustrated in SA-6.1 as
well as procedures for filling out forms.

5.1.4 Ch_ain-of-Custodx Seal

Attachment B-4 is an example of a custody seal. The Custody seal is a 1- by 3-inch adhesive-backed
label. 1t is part of a chain-of-custody process and is used to prevent tampering with samples after they
have been collected in the field. It is used whenever samples are shipped with an accompanying
Chain-of-Custody Record form. The chain-of-custody seal is available from the RSCC.
Procedure SA-6.1 describes the procedures for using chain-of-custody seals.

5.1.5  Bottle Delivery Order (DO) Form

If CLP analyses are requested, a Delivery Order (DQ) form (AttachmentB-5) is completed by the
Authorized Requestor and submitted to the CLP Sample Bottle Repository (see Procedure SA-6.6).
This form is required but not a controlied document.

5.1.6 Repository Packing List (PL) Form

The Repository Packing List form (Attachment B-6) is used for CLP analyses. This form is completed by
the Sample Bottie Repository when the requested sample bottles are shipped. A copy of the PL is
received with the sample bottle shipment and is retained by the Authorized Requestor.

5.1.8 Sample Loq Sheet

A Sample Log Sheet is a notebook (3-ring binder) page that is used to record specified types of data
while sampling. Attachments 8-7 to B-10 are examples of Sample Log Sheets. The data recorded on
these sheets are useful in describing the waste source and sample as well as pointing out any
problems encountered during sampling. Guidelines for filling out the Sample Log Sheet are
contained in SA-6.6. These forms are not controlled documents.

5.1.9 Tratfic Reports (for CLP Laboratory Analyses) -

A Traffic Report (TR) is a preprinted form that is provided by the EPA Sample Management Office to
each Region through the Regional Sampie Control Center (RSCC). These forms are obtained from the
RSCC as needed for specific work assignments. These forms are part of the EPA sample-tracking
system and are used to trace the shipment of samples for CLP laboratory analysis. Presently, these
forms are for two types of samples: organics (OTR) and inorganics (ITR) (see AttachmentsB-11
and B-12, respectively). The organics and inorganics forms are used to document and identify the
collection of low- and medium-concentrations samples for organic and inorganic analysis. Up to
20 samples can be recorded on each traffic report. Guidelines for filling out traffic report forms are
contained in SA-6.6 N

5.1.10 Traffic Report Label

The Traffic Report Label is a small prenumbered white label with black lettering and an adhesive
backing. AttachmentB-13 provides examples of several traffic report labels. The number which
appears on a traffic report label is uniquely numbered and used to track samples for CLP analysis. In
addition to the number, each label contains a designation as to the type of analysis to be performed
(VOA, etc.) or as to preservation of the sample (preserved unpreserved, etc.). Use of these labels is
described in Procedure SA-6.6.
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5.1.11  Special Analytical Services (SAS) Packing List

In addition to routine analytical services (RAS), some special analytical services (SAS) are available
through the CLP. These may include quick turnaround or verification analyses, non-priority pollutant
analyses, analyses requiring lower detection limits than RAS methods provide, or other specific
analyses (e.g., EP toxicity testing). For all "all SAS” type of request (in contrast to "RAS plus SAS,” see
Procedure SA-6.6), the SAS Packing List (Attachment B-14) is used rather than a traffic report. SAS
Packing Lists are provided by the SMO to each region through the RSCC, which provides forms as
required. Use of the SAS form is further described in Procedure SA-6.6

5.1.12 Dioxin Shipment Record (DSR)

The Dioxin Shipment Record (DSR) provides a record for one shipment batch (up to 24 samples) of
dioxin samples to a CLP laboratory. Samples are individually numbered using the pre-printed labels
provided with the DSR (see Attachment B-15). DSRs are provided by the SMO to each region through
the RSCC. DSRs must be used to track shipment of dioxin sampies submitted for CLP analysis. See
Procedure SA-6.6 for detailed description of the use of DSRs.

5.1.13 Sample Shipping Log

The sample shipping log, shown in Attachment B-16 is required by Region il EPA and is to be
completed whenever samples are shipped to a CLP Laboratory. The sampie shipping log is then
submitted to the RSCC the week following sample collection.

5.2 GEOHYDROLOGICAL AND GEOTECHNICAL FORMS

5.21 Groundwater Level Measurement Sheet

A groundwater |level measurement sheet, shown in Attachment C-1 should be filled out for each
round of water level measurements at a site. These sheets are not controlled documents.

5.2.2 Data Sheet for Pumping Test (Pumping Well) -

During the performance of a pumping test, a large amount of data must be recorded, often within a
short time period. The pumping test data sheet (Attachment C-2) facilitates this task by standardizing
the data collection format, and allowing the time interval for collection to be laid out in advance.
This form is not a controlled document.

5.2.3  Data Sheet for Pumping Test (Observation Well) or In-Situ Hydraulic Conductivity Test
This data sheet (Attachment C-3) is similar to that described in Section5.2.2. However, somewhat

different data must be recorded for pumping test observation wells and in-situ hydraulic conductivity
tests, as shown on this sheet. This form is not a controlled document.

5.24 Packer Test Reporting Forms

A packer test reporting form shown in Attachment C-4 is used for collecting data when conducting
packer tests during monitoring well drilling. These sheets are not controlled documents.

D334901
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5.2.5 Summary Log of Boring

During the progress of each boring, a log of the materials encountered, operation and driving of
casing, and location of samples must be kept. The Summary Log of Boring (Attachment C-5) is used
for this purpose. In addition, if volatile organics are monitored on cores, samples or cuttings from the
borehole (using HNU or OVA detectors), the resuits are entered on the boring log at the appropriate
depth. The boring log also provides space for entry of the iaboratory sample number and the
concentration of a few key analytical results. This feature allows direct comparison of contaminant
concentrations with soil characteristics.

The Summary Log of Boring is not a controlled document.

5.2.6 Monitoring Well Construction Details Form

A Monitoring Well Construction Details Form must be completed for every monitoring well installed.
This form contains specific information on iength and type of well riser pipe and screen, backfill, filter
sand and grout characteristics, and surface seal characteristics. This information is important in
evaluating the performance of the monitoring weli, particularly in areas where water levels show
temporal variation, or where there are multiple (immiscible) phases of contaminants. Depending on
the type of monitoring well (in overburden or bedrock), different forms are used (see
Attachments C-6 through C-10). The Monitoring Well Construction Details Form is not a controlled
document. Guideiines on completing this form are contained in GH-1.7.

5.2.7 TestPitLoq

When a test pit or trench is constructed for investigative or sampling purposes, a Test Pit Log must be
filled out by the responsible field geologist or sampling technician. Test Pit Logs (Attachment C-11)
are not controlled documents.

5.3 EQUIPMENT CALIBRATION AND MAINTENANCE FORMS

5.3.1 Equipment Calibration Log

The calibration or standardization of monitoring, measuring or test equipment is necessary to assure
the proper operation and response of the equipment, to document the accuracy, precision or
sensitivity of the measurement, and determine if correction should be applied to the readings. Some
items of equipment require frequent calibration, other infrequent. Some are calibrated by the
manufacturer, other by the user.

Each instrument requiring calibration has.its own Equipment Calibration Log (Attachment D-1) which
documents that the manufacturer’s instructions were followed for calibration of the equipment,
inctuding frequency and type of standard or calibration device. This form is not a controiled
document. -

6.0 REFERENCES

None.
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7.0 ATTACHMENTS

Attachment A - Technical Forms in Current Use for Remedial Investigations
Attachment B8-1 - Sample Label

Attachment B-2 - Sample Identification Tag

Attachment B-3 - Chain-of-Custody Record From, Region llI

Attachment B-4 - Chain-of-Custody Seal

Attachment B-5 - CLP Sample Bottle Repository Order Form

Attachment B-6 - Repositaory Packing List Form

Attachment B-7 - Groundwater Sample Log Sheet Form

Attachment B-8 - Soil Sample Log Sheet Form

Attachment B-9 - Surface Water Sample Log Sheet Form

Attachment B-10 - Container Sample Log Sheet Form

Attachment B-11 - Organics Traffic Report Form

AttachmentB-12 - Inorganics Traffic Report Form

AttachmentB-13 - Traffic Report Labels

Attachment B-14 - Special Analytical Services (SAS) Packing List
Attachment B-15 - Dioxin Shipment Record Form

Attachment B-16 - Sample Shipping Log

Attachment C-1 - Groundwater Level Measurement Sheet

Attachment C-2 - Pumping Test Data Sheet

Attachment C-3 - Hydraulic Conductivity Testing Data Sheet

Attachment C-4 - Packer Testing Report Form

Attachment C-5 - Summary Log of Boring

Attachment C-6 - Overburden Monitoring Well Construction Sheet
Attachment C-7 - Confining Layer Monitoring Well Construction Sheet
Attachment C-8 - Bedrock (Open Hole) Monitoring Well Construction Sheet
Attachment C-9 - Bedrock (Well Installed) Monitoring Well Construction Sheet
Attachment C-10 - Bedrock (Well Installed) Monitoring Well Construction Sheet
Attachment C-11 - Test Pit Log Form

Attachment D-1 - Equipment Calibration Log
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ATTACHMENT A
TECHNICAL FORMS IN CURRENT USE FOR REMEDIAL INVESTIGATIONS
Form Usage | Controlled/
Attachment Number Described in Required
SOP Number | Document
B-1 ] Sample Label SA-6.1 Required
B-2 |Sample identification Tag SA-6.1 Controlled
B-3 | Chain of Custody Record, Region il| SA-6.1 Controlled
B-4 | Chain-of-Cus.ady Seal SA-6.6 Controlled
B-5 }CLPSample Bottie Repository Form SA-6.6 Required
B-6 | Repository Packing List Form SA-6.6 Required
B-7 | Groundwater Samplie Log Sheet SA-6.6 Required
B-8 | Soil Sample Log Sheet SA-6.6 Required
B-9 | Surface Water Sample Log Sheet SA-6.6 Required
B-10 | Container Sample Log Sheet SA-6.6 Required
B-11 ]| Organics Traffic Report Form SA-6.6 Controlled
B-12 | Inorganics Tratffic Report Form SA-6.6 Controlled
B-13 | Traffic Report Labels SA-6.6 Controlled
B-14 |Special Analytical Services (SAS) Packing List SA-6.6 Required
B-15 | Dioxin Shipment Record Form SA-6.6 Required
B-16 | Sampie Shipping Log SA-6.4 Required
C-1 Groundwater Level Measurement Sheet GH-2.5 Required
C-2 | Pumping Test Data Sheet GH-2.3 Required
C-3 | Hydaulic Conductivity Testing Data Sheet GH-2.4 Required
C-4 | Packer Testing Report Form GH-2.2 Required
C-5 ] Summary Log of Boring GH-1.5 Required
C-6 | Overburden Monitoring Well Construction Sheet GH-1.5 Required
C-7 | Confining Layer Monitoring Well Constructian Sheet GH-1.5 Required
C-8 | Bedrock (Open Hole) Monitoring Well Construction Sheet GH-1.5 Required
C-9 | Bedrock (Well Instalied) Monitoring Well Construction Sheet GH-1.5 Required
C-10 | Bedrock (Well Installed) Monitoring Well Construction Sheet GH-1.5 Required
C-11 | TestPitLog GH-1.8 Required
D-1 Equipment Calibration Log - Required
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ATTACHMENT 8-1

SAMPLE LABEL

FE IR proec:

STATION LOCATION:
DATE: / / T™ME: e hrs,

MEDIA: WATER(J SoiL (J SEDIMENT (] ]
CONCENTRATION: Low O MED OO HiGH O
TYPE: GRAB (] COMPOSITE(D

ANALYSIS | PRESERVATION

voald sNA's(O Cool to 4°C a
pca’'s O Pesmcipes O HNOj3 to pH <2 O
METALS: TOTAL O 0ISSOLVEDO [NAOH to pH>12 [
cranioe O O

0

Sampled by:
Case No.:_______ Traffic Report No.:

Remarks:

ACFILE: FORMS\BOTLABL
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ATTACHMENT B-2

Greb

Preservative:
Yes OO No O

ANALYS

Designate:

g BOD Anions

Solids (rss) (TD8) (85)

€00, TOC, Nutrients

Phenclics

Mercury

Metais

Cyanide

Samplers (Signatures)

0il and Grease

_O_rgamcs GC/MS

Prionty Pollutants

Volatite Orpmcs

Pesticides

Mutagenicity

Remarks:

i
]

!

;

L

§ Bacteriology
i

3 60866

Teg No- Lab Sampile No.

SAMPLE IDENTIFICATION TAG

UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
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ATTACHMENT B-4
CHAIN-OF-CUSTODY SEAL
—_eimuubis CUSTODY SEAL

a.qg
1V3S AQOLSND

=
1k

Date
Signature
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ATTACHMENT B-5
CLP SAMPLE BOTTLE REPOSITORY
SUPERFUND DELIVERY REQUEST

REQUEST NO.
Date of Request: Type of Request:
Routine [ 1
Fast Turnaround [ ]
Emergency { ]
(Date/Time request called in)
From (Name):
Affiliation:
Telephone:
AR Signature:
TO: I-Chem Research Corporation
23787-F Eichler Street
Hayward, CA 94545
Phone: 415/782/3095
Ship the following items for arrival by: (Date)
(If applicable) Ship to arrive no earlier than: (Date)
item Description No. of ltems No. of Cases
escripti Per Case Requested
A 80-0z. amber glass bottle 6
B 40-ml glass vial 72
C 1-liter polyethyiene bottle 12
D 120-mi wide-mouth glass vial 12
E 1-oz. wide-mouth glass jar 12
F 8-oz. wide-mouth glass jar 12
G 4-oz. wide-mouth glass jar 12
H 1-liter amber glass bottle 12
32-0z. wide-mouth.glass jar 12
4-liter amber glass bottie 4
500-mi polyethylene bottle - 24
Ship To:
(Provide
street address)
Attention:
Cali before delivery:
(Phone No.):
DISTRIBUTION: White-Repository Yellow-Requestor Pink-SMO

D334901
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ATTACHMENT B-6

CLP SAMPLE BOTTLE REPOSITORY
SUPERFUND PACKING LIST

REPOSITORY DELIVERY REQUEST NO.

1-Chem Research Corporation Request date:
23787-F Eichler Street

Hayward, CA 945435

Phone: 415/782-3905 Typeof Request R (] FTAa [] E [J

Required Delivery Date:

DESTINATION (from Delivery Request) The materials listed below have been
Name: shipped as requested.
Address: " Date Shipped:
Mode of Shipment
Shipment ID No:
Telephone No: Signature:
Type of Shipment __ Complete __ Partial ___ Partial/Compietes Request
No. of
Item Cases Lot QC Clearance
No. Description Shipped Number(s) Number(s)
A 80-0z glass
B 40-mL  glass
C J-L poly
- D 120-mL glass
E 16-0z glass
F 8-0z glass
G 4-02 glass
H 1-L glass
J 32-02z glass
K 4-L glass
L 500-mL poly

———AUTHORIZED REQUESTOR USE ONLY——
Sign below and forward the yellow copy to the Sample Management Office (SMO) within 7 days of
shipment receipt. Keep the pink copy for your file.
The above request was received by the designee, in3pected, and accepted.
Date of Receipt Requestor Signature:

Send yellow copy to: USEPA Sample Management Office
P.O. Box 818
Alexandria, VA 22313

DISTRIBUTION: White—Shipment Designee Yellow—Regquestor ( for return to SMO)
Blue—Shipping Contractor Pink—Regquestor
Green—SMO Gold—Repository
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ATTACHMENT B-7

TNUS

o A Halliburton Company

Project Site Name

SAMPLE LOG SHEET

] Monitoring Well Data
] Domastic Well Data
(J Other

NUS Source No.

Source Lacatien

Project Site Number

Page of
Case #

By

Total Well Depth:

Pyrge Data

Well Casing Size & Depth:

Volume pH S.C. [Temp. (°C)

Coior & Turbidity

Static Water Levei:

Qne Casing Volume:

Start Purge (hrs.):

End Purqge (hrs.):

Total Purge Time (min.):

Total Amount Purged (gal.):

Monitor Reading:

Purge Method:

Sampie Method:

Depth Sampled:

Sampie Date & Time:

Sample Data

pH S.C.

Temp. (°C)

Color & Turbigity

Sampied 8y:

Signature(s):

Type of Sampie

] Low Concentration
O High Concentration
O Grab

{J Composite

J Grab - Compasite

Qbservations/ Notes:

Analysis: Preservative

Qrganic

inorganic

Traffic Report #

Tag #

A #

Date Shippeq

Time Shipped

Lab

volume
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ENUS
©) A Haliburton Company

Project Site Name

ATTACHMENT B-8

SAMPLE LOG SHEET

] Surface Soili
Subsurface Sail

T sediment

{J Lagoon/Pond

O Other

Project Site Number

NUS Source. No.

Page of
Case #

By

Source Location

sample Method:

Composite Sampie Data

Sampie Time

Color/Description

Depth Sampied:

Sample Date & Time:

Sampied 8y:

Signature(s):

Type of Sampie

O Low Concentration
O High Concentration
O Grab

O Composite

J Grab - Compeosite

Sample Data

Color

Oescription: {Sand, Clay, Ory, Maist, Wet, etc.)

Analysis:

Observations/ Notes

Qrganic

ingrgamc

Traffic Report #

Tag #

AB #

Date Shipped

Time Shipped

Lab

Voiume

D334901
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ATTACHMENT B-9
SAMPLE LOG SHEET
NUS oo o __
CORPORATION ] Sering ‘
i CJ Lake Case #
Q A Halliburton Company 7 stream
C] Other 8y

NUS Source No. Source Location
Sampie Method: Sampie Data
pH S.C. Temp. (°C) Color & Turbidity
Depth Sampled:
Sampie Date & Time:
Sampied 8y:
Signatures:
Type of Sample
J Low Concentration
{Z] High Concentration
(] Grab
(] Composite
] Grab - Composite
Analysis: Praservative
Qrganic Inorgamnic
Traffic Report #
Tag #
- AB #
Date Shipped
Time Shipped
Lab
Voiume
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ATTACHMENT B-10
N' 'S SAMPLE LOG SHEET Page of
i CORPORATION Container Data Cased
© 4 Hatiburton Company By
Project Site Name Project Site Number
NUS Source No. Seurce Location
Container Source Container Description
(J Orum
[ 8ung Top Coler.
% Lever Lock
Bolted Ring .
3 other Condition
Markings
(CJ Bag/Sack
CJ Tank Vol. of Contents
{ Other
Other
Disposition of Sample Sampie Description
Layer 1 Layer 2 La
. Container Sampled Y y yer 3
O Container opened but not Phase Osel. g Osol.Clui. Osel. O,
sampled. Reason Color
Viscosity OuOmCr TCvor oMok
;ontamer not opened. % of Total
eason Volume
Other
Maonitor Reading: Type of Sampie
, (3 Grab
Sample Method: Q) Low Concentration ] Composite
(J High Concentration ] Grab - Composite
Sampie Date & Time: Orgamc T inargamic
Traffic Report #
Sampied 8y: Tag # R
Signature(s): - AB #
Date Shipped
Analysis: Time Shipped
Lab
Volumae
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ATTACHMENT B-11

USEPA CONTRACT LABORATORY PROGRAM SAS NO:
SAMPLE MANAGEMENT OFFICE (IF APPLICABLE)
P.O. BOX 818 ALEXANDRIA, VA 22313

703/557-2490 FTS5-557-2490

ORGANIC TRAFFIC REPORT

(FOR CL# USE ONLY)

A — T, b
TYPE OF ACTIVITY (CIRCLE ONE) @] SHP TO. ) 'SAMPLE DESCRIPTION ®
SUPERFUND--PA 5! ES! RIFS RD RA ER (ENTER IN BOX A) =~ 4. SOIL

1. SURFACE WATER 5. SEDIMENT

NPLD O&M OTHER ___ 2. GROUND WATER 8. OKL (SAS)

NON-SUPERFUND—________ PROGRAM 3. LEACHATE 7 WASTE (SAS)
SITE NAME: TRIPLE VOLUME REQUIRED FOR MATRIX
ATTN: SPIKE/DUPLICATE AQUEOUS SAMPLE
CITY, STATE: SITE SPILL ID: SAMPLING DATE: @

SHIP MEDIUM AND HIGH CONCENTRATION
SAMPLES IN PAINT CANS

REGION NO: SAMPUING COMPANY @] BEQIN: END:
SEE REVERSE FOR ADDITIONAL
DATE SHIPPED: CARRIER: ®
SAMPLER: (NAME) TE S INSTRUCTIONS
AIRBILL NO:
INEP ) ®
& o 2 RAS SPECIAL STATION
g z g anavss HANDLING LOCATION
W
= lg:
cLp &5 B
SAMPLE wdol 2815 §Q gn
NUMBER & Ngg a gk
(FROM LABELS) |3 55 R g
Ak-]ol -
4
4
-
; -
3 : ..
1
3
2
p
- k- .
LN —".
4 .
: -
2
EPA Form 2075-7 (8-47)
WHITE — SMO COPY PINK — CLIENT COPY WHITE — LAB COPY FOR RETURN TO SMO YELLOW — LAB COPY
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ATTACHMENT B-12

USEPA CONTRACT LABbRAIORY PROGRAM

SAMPLE MANAGEMENT OFFICE

P.O. BOX 818 ALEXANDRIA, VA 22213

703/557-23%0 FT5-557-2490

, SAS NO:
CASE NO

INORGANIC TRAFFIC REPORT

(FOH CLP USE ONLY)

TYPE OF ACTIVITY (CIRCLE ONE) D[ SHIP 10: Y SAMPLE DESCRIPTION ol
SUPERFUND~—PA Si ESI AIFS RD RA ER (ENTER INBOX &)~ 4.SOIL
R ESL RIS RO 1. SURFACE WATER 5. SEDIMENT
2. GROUND WATER 6. OIL (SAS)
NON-SUPERFUND~— PROGRAM 3. LEACHATE 7. WASTE (SAS)
SITE NAME: DOUBLE VOLUME REQUIRED FOR MATRIX
ATTN: SPIKE/DUPLICATE AQUEOUS SAMPLE
CITv, STATE. SITE SPILLID: e %
SA . SHIP MEDIUM AND MIGH CONCENTRATION
SAMPLES (N PAINT CANS
REGION NO: SAMPUING COMPANY @] BEGIN: ENO:
SEE REVERSE FOR ADDITIONAL
DATE SHIPPED. CARRIER: ]
SAMPLER: (NAME) INSTRUCTIONS
AIRBILL NO:
~B g o] o ®
© z RAS SPECIAL STATION
- g ANALYSIS HANDLING | LOCATION
C o, '
IE z HIGH
g o 8219 o ONLY
2= |23 E1usg o
e AN -
SAMPLE w 2| %23 R
NUMBER §“‘ §§ BI"P i)t ig i
(FROM LABELS) €18 \ .
4
3
-
4
3
F
-
3
3

EPA Form 2075-8 (8-87)

WHITE — SMO COPY

PINK — CLIENT COPY

WHITE - LAB COPY FOR RETURN TO SMO

YELLOW — LAB COPY
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TRAFFIC REPORT LABELS

MAB 342
> 6003

Ac 865 “fyox
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ATTACHMENT B-14
US. ENVIRONMENTAL PROTECTION AGENCY —m——]
CLP Sample Management Office ‘

P.O. Box 318 - Alexandria, Virginia 22313
Phone: 703/357-2090 - FTS/337-20%0

SPECIAL ANALYTICAL SERVICE
PACKING LIST
Sampling Office: Sampling Date(sk Ship Tox For Lab Use Only
Sampling Contact: Date Shipped: Date Samples Rec'd:
o Site Name/Code: Received By:
Attt
(phone)
-_—=.———— e e e ey
Sample Sample Description Sample Condition en
Numbers L.e., Analysis, Matrix, Concantration Receipt at Lad
1.
P 5
b B
8.
3.
é.
7.
s.
9.
10.
11.
12
13
18,
13.
16.
17.
18
19.
20.
For Lab Use Only

White - SMO Copy, Yellow - Region Copy, Pink - Lab Copy for return to SMO, Gold - Lab Copy
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ATTACHMENT B-15
USEPA Coniract Laboraiory Program : '
Samoie Marage=ent OMice ‘CASE NO: 'SATCH NO:
PO Box 818 Algxandna Virging 22313 — !
FTS 8-357:2490 703 357:2490 CLP OIOXIN SHIPMENT RECORD :
[Ste Name " Semp g Ottce . Smp To FOR LAB USE ONLY
| | Qate Samples Rec g
Ciry & State LGt & Stare 1
i ¥ fAven ‘
EPA Site NO : Samoang Contact i Cate Snooea wenved by !
! i
1
Lauiude ’ iname) trarster To Date Samp as Rec @ i
i Samoung Oaie
Longityce I l
Tor 1 23 ¢ 867 jousTunoung Suie Srooee A '
(crele 3ner 1908y e 30-08Y e i - |
. AbOL.
NATRIE ORSCRIPTION _ ANMYVS
. ox | o c € 708 La8 usa
ERREIGIEIRRLLRE
taung -
Juume, | 0 s [HPE 8 | e

—t
|

|

-

wmrg M e .,

VELOW Bjus Copy

P ) o Cotm tw Ber o XY GOLD- 1 10 Covn
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SITE NAME:

EPA Project Officer:

org, 410 |REPORT
MIQER

ORGANICS OR _IMORGANICS

— DATA RECETVED— -

DATE |XX out -items mot requested

-

SHIPPED |VOA|BNA | PEST | TCOOD | [METALS |CN

EPA SAMPLE SHIPPING LOG FOR ALL SANPLES SENT THROUGH THE CONTRACT LAS PROGRAM

|

(12/8S version)

SKS REQUEST: (detalls required)

(1temize)

pLY]
LAB NAME | REQUEST |SHIPPED| REC‘D

91-8 INJWHOVLLY

valgng,

06/v0/S0

9g o el

-
o
2
<
wr
C
wvy
m
O
Z
x
A
<
-
m
wvr
5| 2
=] 3
-
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7
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<
g
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ATTACHMENT C-1

GROUNDWATER LEVEL MEASUREMENT SHEET

LOCATION
Project Name: Municipality:
Project No.: County:
Personnei: State:
Date: Street or
Map Location
(If Off-Site)
WEATHER CONDITIONS
Temperature Range: Equipment No.:
Precipitation: Equipment Name:
Barometric Pressure: Latest Calibration Date:
Tidally-Influenced: [ ] Yes [ ] No
Well or Elevation of Water Level Adjusted Groundwater
Piezometer | Date/Time | ReferencePoint indicator Depth Elevation (Feet)*
Number (Feet)* Reading (Feet)* (Feet)*

_J_—F'—_—T'——'_"F

*

All elevations to nearest 0.01 foot.
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ATTACHMENT C-2
PUMPING TEST DATA SHEET
PUMPING TEST DATA SHEET NUS CORPORATION
PROJECT NAME: MEASURED WELL:
PROJECT NO.: DATE. PUMPING WELL®
GEOLOGIST: CHECKED: TEST NO. ,
4 DISTANCE FROM PUMPING WELL(ft.)(r): PUMP SETTING, FEET BELOW MONITORING POINT: /
TIC H,0 LEVEL {f.)(so): MONITORING POINT:
TIMBRPURGE START ORSTOP (to): ELEVATION OF MONITORING POINT (. above MSL): /
N,
) MIN. WATER LEVEL 51000r | PUMPING |
TIME CE MEASUREMENTS (ft.) RECOVERY RATE REMARKS,
Py (fr) Q)
ST';:SP READING | CORRECTION otw Gom
N /
~C /
‘ -
N, //
. ///
‘_) /
<
/ -
// A
/ :
/ ‘&\
4 N
/ S
. ~
— V \\
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ATTACHMENTC-3
HYDRAULIC CONDUCTIVITY TESTING DATA SHEET NUS CORPORATION
PROJECT NAME: ..ot ettt e ms s
PROJECTNO.: . ... GEOLOGIST: oeeecteeeieieeseetts eebe e esesessenaneban s eeomaetscabs e sesebssesabeesas e ans et e
WELLDIAMETER: ... ... . SCREENLENGTH/DEPTH: . e,
STATIC WATER LEVEL (Depth/Elevation): ... Lot :
TEST TYPE (Rising/Falling/Constant Head): ..................
METHOD OF INDUCING WATER LEVEL CHANGE, || ...
ELAPSED | MEASURED DEPTH DEPTHTO | DRAWDOWN
TMEL TiME TOWATER (fr) | COTRECTON | iaTER(ft) | OR HEAD (ft) REMARKS
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“NUS
i CORPORATION OVERBURDEN
A Halliburton Company MONITORING WELL SHEET -
JRILLER
PROJECT LOCATION ORILLING I
PROJECT NO. BORING METHOD ; -
ELEVATlON DATE DEVELOPMENT
FIELD GEOLQGIST METHOD
‘ :
' - ELEVATION OF TOP OF SURFACE CASING . — -
. ""————T- ELEVATION OF TOP OF RISER PiPE: e
| |+ s7icK - UP TOP OF SURFACE CASING:
GROUND ; — STICK - LP RISER PIPE : -
ELEVATION % [ et~ TvPE OF sURFACE SEAL: i
KY 12 I ;
2 |
? .D. OF SURFACE CASING: | -
4 TYPE OF SURFACE CASING: §
| ? Za RISER PIPE 1.0 |
é 5 TYPE OF RISER PIPE: ; -
N !
4 % |
< % go—-—— BOREHOLE DIAMETER: 5
; 2 A : -
1 4 |
' 1 e TYPE OF BACKFILL: x
1 9 :
A 2
e ELEVATION/DEPTH TOP OF SEAL: L]
4———1— TYPE OF SEAL: :
8 4———— DEPTH TOP OF SAND PACK: ‘ -
B¢ — ELEVATION/ DEPTH TOP OF SCREEN: :
— TYP . i
TYPE OF SCREEN: | -
SLOT SIZE x LENGTH: i
1.0. OF SCREEN: ;
! -
— TYPE OF SAND PACK: 7
. -
— ELEVATION / DEPTH BOTTOM OF SCREEN: ‘i
— ELEVATION / DEPTH BOTTOM OF SAND PACK: l -
TYPE OF SACKFILL BELOW OBSERVATION f
WELL: !
| — ELEVATION / DEPTH QF HOLE: ! -
-
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1O Nl ls 8ORING NO
L Crramaren CONFINING LAYER
MONITORING WELL SHEET
PROJECT LOCATION g::tti?c
PROJECT NO. BORING METHOD
ELEVATION DATE DEVELOPMENT
FIELD GEOLOGIST METHOD

»

ELEVATION OF TOP OF PERM. CASING :
P/—- ELEVATION OF TOP OF RISER PIPE:

AR RN RN

SA3

| TYPE OF SURFACE SEAL:
GROUND |5 OF PERMI. CASING.
ELEVATION ze L TYPE OF SURFACE CASING:
AV
| RISER PIPE .D.
// TYPE OF RISER PIPE:
: % Z
| /f,n—-— BOREHOLE DIAMETER:
I
1,
/‘
: 7 | PERM. CASING 1.D
i 4 TYPE OF CASING & BACKFILL:
- Z
7 2
o % ELEVATION / DEPTH TOP CONFINING LAYER:
coNfvERC ¢ 7. ELEVATION / DEPTH BOTTOM OF CASING:
ELEVATION / DEPTH BOT. CONFINING LAYER:

— ELEVATION/DEPTH TOP OF SEAL:
| TYPEOFSEAL:

t— DEPTH TOP OF SAND PACK:

|- ELEVATION/DEPTH TOP OF SCREEN:
TYPE OF SCREEN:

t— TYPE OF SAND PACK:

e BOREHOLE DIA. BELOW CASING:

|~ ELEVATION/ DEPTH BOTTOM OF SCREEN:

|~ ELEVATION / DEPTH BOTTOM OF SAND PACK:
TYPE OF BACKFILL BELOW QBSERVATION
WELL:

4——— ELEVATION/DEPTH OF HOLE:
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ENUS
; BEDROCK
o ﬂ MONITORING WELL SHEET
Halliourton Comparty OPEN HOLE WELL
D ER
PROJECT LOCATION oilttms
PROJECT NO. BORING METHOD
LEVATION DATE DEVELOPMENT
PSND GEOLOGIST METHOD //

=hl:
Zi=
=g

=0

q ELEVATION OF TOP OF CASING:
! STICK UP OF CASING ABOVE GROUND
SURFACE:
GROUND
ELEVATION AN S| — TYPE OF SURFACE SEAL:
8 ] A /
u’ ? /
iz % 1.D. OF CASING:
-, — TYPE OF CASING: V4
} 2 TEMP. / PERM. - /
1 |
7 4
11/ ?
5 A
1
1 0
4
4 e
1
- ?
"o’ 7 %
== Z |+= DEPTH TO TOP OF ROCK )
,‘ﬁ'&L DEPTH TO BOTTOM CASING:

11
=y

DIAMETER OF HOLE IN BEDROCK:

DESCRIBE IF CORE/REAMED WITH BIT:

DESCRIBE JOINTS IN BEDROCK AND DEPTH:

ELEVATION/DEPTH OF HOLE:
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BORING NO.:

BEDROCK
MONITORING WELL SHEET
WELL INSTALLED IN BEDROCK

PROJECT

DRILLER

LOCATION

PROJECT NO.

BORING DRILLING

METH
DATE o0

%IEIEVATION
LD GEOLOGIST

METHOD

DEVELOPMENT "

N
GROUND
ELEVATION

'

ELEVATION OF TOP OF SURFACE CASING :
- ELEVATION OF TOP OF RISER P!PE:
(— ELEVATION TOP OF PERM. CASING:
|- TYPE OF SURFACE SEAL:

i~ 1.0. OF SURFACE CASING.

TYPE OF SURFACE CASING:

Pt

NN

ORI

RN NN

|

| RISER PIPE I.D. /

TYPE OF RISER PIPE: 7

\

i

—— BOREHOLE DIAMETER: /

N\

PERM. CASING I.D

\\{\Z:E OF CASII\VGACKF!LL:

ﬁ\\

| ¢
m
o
<
m
R}
—
x
=
(@]
w
m
o
P
(o]
[a)
~

BOREHOLE DIA. 8E

b,

ANNNNANR

31

TYPE OF BACKFILL:

™ ELEVATION/DEPTH TOP OF SEAIN
TYPE OF SEAL:

AN

ELEVATION/DEPTH TOP OF SAND PACK:

~ ELEVATION/DERPTH TOP OF SCREEN:
: TYPE OF SCREEN:

TYPE OF SAND PACK:

t— ELEVATION/DEPTHBOTTOM OF SCREEN:

TYPE OF BACKFILL BELOW QOBSERVATION
WELL:

— ELEVATION/DEPTH BOTTOM OF SAND PACK:

————n— ELEVATION / DEPTH OF HOLE:
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3 Nl 'S BORING NO
—‘*r_{ BEDROCK
5 — COPPORATION MONITORING WELL SHEET
© A Haliburon Campany WELL INSTALLED IN BEDROCK
f ‘ ;
[ PROJECT- LOCATION g::ttf:s |
PROJECT NO. : BORING ! MeTHOD "
ELEVATION DATE ;
Nm GEOLOGIST ! uofeiﬂggmw /

} ELEVATION QF "OP QF SURFACE CASING.

STICK UP OF CASING ABOVE GROUND
SURFACE.

GROUND A NN $LEVATION TOP OF RISER:

ELEVATION fg T gmt— TYPE OF SURFACE SEAL:

i D. OF SURFACE CASING: L

RISERPIPE | D : /

TYPE OF RISER PIPE y

TLEVATION / DEPTIATOP OF SEAL:
ELEVATION / DEPTH V‘GP\T BEDROCK

TYPE OF SEAL:

N

<
\
= ELEVATION/OEPTH TOP OF SAND: \\

— €[ EVATION / DEPTH TOP OF SCREEN- \\

TYPE OF SCREEN: N

SLOT SIZE x LENGTH:

1 D. SCREEN:

 TYPE OF SAND PACK.

— OIAMETER OF MOLE IN BEDROCK:
CORE/ REAM:

= ELEVATION/DEPTH 8OTTOM SCREEN:
ELEVATION/DEPTH BOTTOM OF HOLE:
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5.0 GUIDELINES
5.1 MEASUREMENT OF pH

5.1.1  General

Measurement of pH is one of the most important and frequently used tests in water chemistry.
Practically every phase of water supply and wastewater treatment such as acid-base neutralization,
water softening, and corrosion control, is pH dependent. Likewise, the pH of leachate can be
correlated with other chemical analyses to determine the probable source of contamination. It is
therefore important that reasonably accurate pH measurements be taken.

Measurements of pH can also be used to check the quality and corrosivity of soil and solid waste
samples. However, these sampies must be immersed in water prior to analysis, and specific
techniques are not described.

Two methods are given for pH measurement: the pH meter and pH indicator paper. The indicator
paper is used when only a rough estimate of the pH is required, and the pH meter when a more
accurate measurement is needed. The response of a pH meter can be affected to a slight degree by
high levels of colloidal or suspended solids, but the effect is usually small and generally of little
significance. Consequently, specific methods to overcome this interference are not described. The
response of pH paper is unaffected by solution interferences from color, turbidity, colloidal or
suspended materials uniess extremely high levels capable of coating or masking the paper are
encountered. In such cases, use of a pH meter is recommended.

5.1.2 Principles of Equipment Operation

Use of pH papers for pH measurement relies on a chemical reaction caused by the acidity or basicity of
the solution with the indicator compound on the paper. Depending on the indicator and the pH
range of interest, a variety of different colors can be used. Typical indicators are weak acids or bases,
or both. Process chemistry and molecular transformations leading to the color change are variable
and complex.

Use of a pH meter relies on the same principle as other ion-specific electrodes. Measurement relies on
establishment of a potential difference across a glass or other type of membrane in response to
hydrogen ion concentration across that membrane. The membrane is conductive to ionic species and,
in combination with a standard or reference electrode, a potential difference proportional to
hydrogen ion concentration can be generated and measured.
5..3  Equipment
The following equipment is needed for taking pH measurements:
® Accumet 150 portable pH meter, or equivalent.
® Combination electrode with polymer body to fit the above meter (alternately a pH
electrode and a reference electrode can be used if the pH meter is equipped with suitable
electrode inputs.
® pH indicator paper, such as Hydrion or Alkacid, to cover the pH range 2 through 12.

e Buffer solutions of pH 4, 7 and 10, or other buffers which bracket the expected pH range.
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5.1.4 Measurement Technigues for Field Determination of pH

1. pH Meter

The following procedure is used for measuring pH with a pH meter (Standardization is
according to manufacturers instructions):

The instrument and batteries shall be checked and calibrated prior to initiation of the fieid
effort.

The accuracy of the buffer solutions used for field and laboratory calibration shall be

checked. Buffer soiutions need to be changed often due to degradation upon exposure to
the atmosphere.

immerse the tip of the electrodes in water overnight. If this is not possible due to field
conditions, immerse the electrode tip in water for at least an hour before use. The
electrode tip may be immersed in a rubber or plastic sack containing buffer solution for
field transport or storage. This is not applicable for all electrodes as some must be stored

dry.

Make sure all electrolyte solutions within the electrode(s) are at their proper leveis and that
no air bubbles are present within the electrode(s).

Immerse the electrode(s) in a pH-7 buffer solution.

Adjust the temperature compensator to the proper temperature (on models with
automatic temperature adjustment, immerse the temperature probe into the buffer
solution). Alternately, the buffer solution may be immersed in the sampie and allowed to
reach temperature equilibrium before equipment calibration. !t is best to maintain buffer
solution at or near expected sample temperature before calibration.

Adjust the pH meter to read 7.0.

Remove the electrode(s) from the buffer and rinse well with demineralized water.
immerse the eiectrode(s) in pH-4 or 10 buffer solution (depending on the expected pH of
the sample) and adjust the slope control to read the appropriate pH. For best results, the
standardization and slope adjustments shall be repeated at |east once.

Immerse the electrode(s) in the unknown solution, slowly stirring the probe until the pH
stabilizes. Stabilization may take several seconds to minutes. If the pH continues to drift,
the sample temperature may not be stable, a chemical reaction (e.g., degassing) may be

taking place in the sample, or the meter or electrode may be malfunctioning. This must be

clearly noted in the logbook.

Read and record the pH of the solution, after adjusting the temperature compensator to

the sampie temperature. pH shall be recorded to the nearest 0.1 pH unit. Also record the
sampie temperature.

Rinse the electrode(s) with deionized water.

Keep the electrode(s) immersed in deionized water when not in use.
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The sampie used for pH measurement shall never be saved for subsequent conductivity or
chemical analysis. All pH electrodes leak small quantities of electroiytes (e.g., sodium or
potassium chloride) into the solution. Precipitation of saturated electrolyte solution, especially
at colder temperatures, or in cold water, may result in slow electrode response. Any visual
observation of conditions which may interfere with pH measurement, such as oily materials, or
turbidity, shall be noted.

2.  pHPaper

Use of pH paper is very simple and requires no sample preparation, standardization, etc. pH
paper is available in several ranges, including wide-range (indicating approximately pH 1 -
to 12), mid-range (approximately pH 0 to 6, 6to 9, 8 to 14) and narrow-range (many available,
with ranges as narrow as 1.5 pH units). The appropriate range of pH paper shall be selected. If
the pH is unknown the investigation shall start with wide-range paper.

5.2 ° MEASUREMENT OF SPECIFIC CONDUCTANCE
5.2.1 General

Conductance provides a measure of dissolved ionic species in water and can be used to identify the
direction and extent of migration of contaminants in groundwater or surface water. it can aiso be
used as a measure of subsurface biodegradation or to indicate alternate sources of groundwater
contamination.

Conductivity is a numerical expression of the ability of a water sample to carry an electric current.
This value depends on the total concentration of the ionized substances dissolved in the water and
the temperature at which the measurement is made. The mobility of each of the various dissoived
1ons, their valences, and their actual and relative concentrations affect conductivity.

It is important to obtain a specific conductance measurement soon after taking a sample, since
temperature changes, precipitation reactions, and absorption of carbon dioxide from the air all affect
‘the specific conductance.

5.2.2 Principles of Equipment Operation

An aqueous system containing ions will conduct an electric current. In a direct-current field, the
positive ions migrate toward the negative electrode, while the negatively charged ions migrate
toward the positive electrode. Most inorganic acids, bases and salts (such as hydrochioric acid, sodium
carbonate, or sodium chloride, respectively) are relatively good conductors. Conversely, organic
compounds such as sucrose or benzene, which do not disassociate in agueous solution, conduct a
current very poorly, if at all.

A conductance cell and a Wheatstone Bridge (for the measurement of potential difference) may be
used for measurement of electrical resistance. The ratio of current applied to voltage across the cell
may aiso be used as a measure of conductance. The core element of the apparatus is the conductivity
cell containing the solution of interest. Depending on ionic strength of the aqueous solution to be
tested, a potential difference is developed across the cell which can be converted directly or indirectly
(depending on instrument type) to a measurement of specific conductance.
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5.2.3  Equipment

The following equipment is needed for taking specific conductance measurements:

® YSI Model 33 portabie conductivity, meter, or equivalent
® Probe for above meter

A variety of conductivity meters are available which may also be used to mopitor salinity and
temperatures. Probe types and cable iengths vary, so equipment may be obtained to meet the
specific requirement of the sampling program.

5.2.4 Measurement Techniques for Specific Conductance

The steps invoived in taking specific conductance measurements are listed below (standardization is
according to manufacturers instructions):

® Check batteries and calibrate instrument before going into the field.

e Calibrate the instrument daily when used. Potassium chioride solutions with a specific
conductance closest to the values expected in the field shall be used. Attachment A may be
used for guidance.

® Rinse the cell with one or more portions of the sample to be tested or with deionized
water.

® Immerse the electrode in the sampie and measure the conductivity. Adjust the
temperature setting to the sample temperature.

® Read and record the results in a field iogbook or sampie log sheet.

If the specific conductance measurements become erratic, or inspection shows that any piatinum
black has flaked off the electrode, repiatinization of the electrode is necessary. See the
manufacturer’s instructions for details.

Note that specific conductance is occasionally reported at temperatures other than ambient.
5.3 MEASUREMENT OF TEMPERATURE
531 General

In combination with other parameters, temperature can be a useful indicator of the likelihood of
biological action in a water sampie. It can also be used to trace the flow direction of contaminated
groundwater. Temperature measurements shall be taken in-situ, or as quickly as possibie in the field.
Collected water sampies may rapidiy equilibrate with the temperature of their surroundings.

5.3.2 Egquipment

Temperature measurements may be taken with aicohol-toluene, mercury filled or dial-type
thermometers. In addition, various meters such as specific conductance or dissolved oxygen meters,
which have temperature measurement capabilities, may aiso be used. Using such instrumentation

alorr;g with suitable probes and cables, in-situ measurements of temperature at great depths can be
performed.
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5.3.3 Measurement Technigues for Water Temperature

If a thermometer is used on a collected water sample:

e Iimmerse the thermometer in the -sample until temperature equilibrium is obtained
(1-3 minutes). To avoid the possibility of contamination, the thermometer shall not be
inserted into samples which will undergo subsequent chemical analysis.

® Record valuesin a field logbook or sample iog sheet.

If a temperature meter or probe is to be used, the instrument shall be calibrated according to -
manufacturer’'s recommendations with an approved thermometer before each measurement or
group of closely spaced measurements.

5.4 MEASUREMENT OF DISSOLVED OXYGEN CONCENTRATION
5.4.1 General

Dissolved oxygen (DO) levels in natural water and wastewater depend on the physical, chemical and
biochemical activities in the water body. Conversely, the growth of many aquatic organisms as well as
the rate of corrosivity, are dependent on the dissolved oxygen concentration. Thus, analysis for
dissolved oxygen is a key test in water poilution and waste treatment process control. If at all
possible, DO measurements shall be taken in-situ, since concentration may show a large change in a
short time if the sample is not adequately preserved.

The method monitoring discussed herein is limited to the use of dissolved oxygen meters only.
Chemical methods of analysis (i.e., Winkier methods) are available, but require more equipment and
greater sample manipulation. Furthermore, DO meters, using a membrane electrode, are suitable for
highly poliuted waters, because the probe is completely submersible, and are free from interference
caused by color, turbidity, colloidal material or suspended matter.

5.4.2 Principles of Equipment Operation

Dissolved oxygen probes are normaily electrochemical cells that have two solid metal electrodes of
different nobility immersed in an electrolyte. The electrolyte is retained by an oxygen-permeabie
membrane. The metal of highest nobility (the cathode) is positioned at the membrane. When a
suitable potential exists between the two metals, reduction of oxygen to hydroxide ion (OH) occurs at
the cathode surface. An electrical current is developed that is directly proportional to the rate of
arrival of oxygen moiecules at the cathode.

Since the current produced in the probe is directly proportional to the rate of arrival of oxygen at the
cathode, it is important that a fresh supply of sample ailways be in contact with the membrane.
Otherwise, the oxygen in the aqueous layer along the membrane is quickly depleted and faise iow
readings are obtained. It is therefore necessary to stir the sampie (or the probe) constantly to
maintain fresh solution near the membrane interface. Stirring, however, shall not be so vigorous that
additional oxygen is introduced through the air-water interface at the sample surface. To avoid this
possibility, some probes are equipped with stirrers to agitate the solution near the probe, but to leave
the surface of the solution undisturbed.

Dissolved oxygen probes are relatively free of interferences. Interferences that can occur are
reactions with oxidizing gases (such as chiorine) or with gases such as hydrogen sulfide which are not
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easily depolarized from the indicating electrode. If the gaseous interference.is §uspected, it shall be
noted in the field log book and checked if possible. Temperature variations can also cause
interference because probes exhibit temperature sensitivity. Automatic temperature compensation is
normaily provided by the manutacturer.

543  Equipment

The following equipment is needed to measure dissolved oxygen concentration:

e YSI Model 56 dissolved oxygen monitor or equivalent.
e Dissolved oxygen/temperature probe for above monitor.
e Sufficient cabie to allow the probe to contact the sample.

5.4.4 Measurement Technigues for Dissoived Oxygen Determination

Probes differ as to specifics of use. Foliow the manufacturer’s instructions to obtain an accurate
reading. The following general steps shall be used 10 measure the dissolved oxygen concentration:

e The equipment shall be calibrated and have its batteries checked in the laboratory before
going to the field.

e The probe shall be conditioned in a water sample for as long a period as practical before
use in the field. Long periods of dry storage followed by short periods of use in the field
may result in inaccurate readings.

e The instrument shall be calibrated in the field before each measurement or group of
closely spaced measurements by placing the probe in a water sample of known dissoived
oxygen concentration (i.e., determined by Winkler method) or in a freshly air-saturated
water sample of known temperature. Dissolved oxygen values for air-saturated water can
be determined by consulting a table listing oxygen solubilities as a function of temperature
and salinity (see Attachment B).

¢ Immerse the probe in the sample. Be sure to provide for sufficient flow past the
membrane, either by stirring the sample, or placing the probe in a flowing stream. Probes
without stirrers placed in wells can be moved up and down.

® Record the dissolved oxygen content and temperature of the sample in a field logbook or
sample log sheet.

® Recalibrate the probe when the membrane is replaced, or as needed. Foliow the
manufacturer’s instructions.

Note that in-situ placement of the probe is preferable, since sample handiing is not invoived. This

however, may not aiways be practical. Be sure to record whether the liquid was analyzed in-situ, or if
asample was taken.

Special care shall be taken during sample coliection to avoid turbulence which can lead to increased
oxygen solubilization and positive test interferences.
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5.5 MEASUREMENT OF OXIDATION-REDUCTION POTENTIAL

5.5.1 General

The oxidation-reduction potential (ORP) provides a measure of the tendence of organic or inorganic
compounds to exist in an oxidized state. The technique therefore provides evidence of the iikelihood
of anaerobic degradation .of biodegradable organics or the ratio of activities of oxidized to reduced
species in the sample.

55.2 Principles of Equipment Operation

When an inert metal electrode, such as platinum, is immersed in a soiution, a potential is developed -
at that electrode depending on the ions present in the solution. If a reference electrode is piaced in
the same solution, an ORP electrode pair is established. This electrode pair allows the potential
difference between the two electrodes to be measured and will be dependent on the concentration
of the ions in solution. By this measurement, the ability to oxidize or reduce species in solution may
be determined. Supplemental measurements, such as dissoived oxygen, may be correlated with ORP
to provide a knowledge of the quality of the solution, water, or wastewater.

553  Equipment
The foliowing equipment is needed for measuring the oxidation-reduction potentiai of a solution:

e Accumet 150 portable pH meter or equivalent, with a millivolt scale.
e Platinum electrode to fit above pH meter.
e Reference eiectrode such as a calomet, silver-silver chioride, or equivalent.

5.5.4 Measurement Téchnigues for Oxidation-Reduction Potential

The foltowing procedure is used for measuring oxidation-reduction potential:
e The equipment shall be calibrated and have i1ts batteries checked before going to the fieid.

e Check that the platinum probe is clean and that the platinum bond or tip is unoxidized. If
dirty, polish with emery paper or, if necessary, clean the electrode using aqua regia, nitric
acid, or chromic acid, in accordance with manufacturer’s instructions.

® Thoroughly rinse the eiectrode with demineralized water.

o Verify the sensitivity of the electrodes by noting the change in millivoit reading when the
pH of the test solution is altered. The ORP will increase when the pH of the test solution
decreases and the ORP will decrease if the test solution pH is increased. Place the sample in
a clean glass beaker and agitate the sample. Insert the electrodes and note the ORP drops
sharply when the caustic is added, the electrodes are sensitive and operating properly. If
the ORP increases sharply when the caustic is added, the polarity is reversed and must be
corrected in accordance with the manufacturer’s instructions. |f the ORP does not respond
as above when the caustic is added, the eiectrodes shall be cleaned and the above
procedure repeated.

e After the assembly has been checked for sensitivity, wash the electrodes with three
changes of water or by means of a flowing stream of water from a wash bottle. Place the
sampie in a ciean glass beaker or sampie cup and insert the electrodes. Set temperature
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compensator througheut the measurement period. Read the millivolt potential of the
solution, allowing sufficient time for the system to stabilize and reach temperature
equilibrium. Measure successive portions of the sample until readings on two successive
portions differ by no more than 10 mV. A system that is very siow to stabilize properly will
not yield a meaningful ORP. Record all results in a field logbook, including ORP (to nearest
10 mV), sampie temperature and pH at the time of measurement.

5.6 SPECIFICION ELECTRODE MEASUREMENTS

5.6.1  General

Use of specific ion electrodes can be beneficial in the field for determining the presence and
concentration of dissolved inorganic species which may be associated with contaminant plumes or
leachate. Thus, electrodes can be used for rapid screening of water quality and determination of
water migration pathways.

This procedure provides generic information for specific ion electrodes commoniy used in
groundwater quality monitoring programs and describes the essential elements of a field
investigation program. Analytical methods using some specific ion electrodes have not been
approved by the USEPA. In addition, calibration procedures and solutions, interferences and
conditions and requirements for use for various electrodes vary greatly. Consequently, review of
manufacturer’s literature is mandatory prior to use.

5.6.2 Principles of Equipment Operation

All specific ion electrode measurements involve the use of a reference electrode, a pH meter, and a
specific ion electrode (SIE). When the SIE and the reference electrode are immersed in a solution of
the ion to be measured, a potential difference is developed between the two electrodes. This
potential can be measured by a pH meter and related to the concentration of the ion of interest
through the use of standard solutions and calibration curves.

Several different types of SIEs are in use: glass, solid-state, liquid-liquid membrane, and gas-sensing.
All of the electrodes function using an ion exchange process as the potential determining mechanism.
Glass electrodes are used for pH measurement. The glass in the tip of the electrode actually acts as a
semi-permeable membrane to aliow solution. Solid-state electrodes replace the glass membrane with
an ionically-conducting membrane, (but act in essentially the same manner) while liquid-iquid
membrane electrodes have an organic liquid ion exchanger contained in the pores of a hydrophobic
membrane. Maintenance of the conducting interface, in combination with a reference eiectrode,
allows completion of the electrical circuit and subsequent measurement of the potential difference.
Gas-sensing electrodes have a membrane that permits the passage of gas only, thus aliowing for the
measurement of gas concentration. Regardless of the mechanism invoived in the electrode, most SIEs
are easy to use under field conditions. The sensitivity and applicable concentration range for various
membranes and electrodes will vary.
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5.6.3  Equipment

The following equipment is required for performing quantitative analyses using a specific ion
electrode:

e A pH meter with a millivolt scale, or equivalent.

® The specific ion electrode for the parameter to be measured. A partial list of ions which can
be measured includes cyanide, sulfide, ammonia, lead, fluoride and chloride.

® Asuitable reference electrode to go with the above SIE.

Specific electrodes for other ions have ailso been developed, but are not widely used for field
investigation efforts at this time. Note that of the specific electrodes referenced above, oniy fiuoride.
and ammonia have analytical methods approved by the U.S. EPA.

5.6.4 Measurement Techniques for Inorganic lons Using Specific lon Electrodes

Different types of electrodes are used in siightly different ways and are applicable for different
concentration ranges. Following the manufacturer’s instructions, the general steps given below are
usually foliowed:

e Iimmerse the electrode in water for a suitable period of time prior to sampie analysis.

® Standardize the electrode according to the manufacturer’s instructions, including
necessary chemical additions for ioni¢c strength adjustment, etc. Standard solutions
normally differ by factors of ten in concentration. Constant stirring is needed for accurate
readings.

® immerse the electrode in the sample. Allow the reading to stabilize and record the results
in a site logbook. Stir the sample at the same rate as the standards. Air bubbles near the
membrane shall be avoided, since this may cause interference in millivolt readings.

(NOTE: Each SIE has substances which interfere with proper measurement. These may be eliminated
using pretreatment methods as detailed by the manufacturer. It isimportant to know if interferences
are present so that suspect readings may be noted as such.)

o |f the pH meter does not read out directly, plot millivolts versus concentration for the
standards and then determine sample concentration.

6.0 REFERENCES

American Public Health Association, 1980. Standard Methods for the Examination of Water and
Wastewater, 15th Edition, APHA, Washington, D.C.

U.S. EPA, 1979. Methods for Chemical Analysis of Water and Wastes. EPA-600/4-79-020.

U.S. Geological Survey, 1984. National Handbook of Recommended Methods for Water Data
Acquisition, Chapter 5: Chemical and Physical Quality of Water and Sediment. U.S. Department of
the interior, Reston, Virginia.
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7.0 ATTACHMENTS

Attachment A - Specific Conductance of KC1 Solutions at 25 degrees Centigrade

Attachment B - Variation of Dissolved Oxygen Concentration in Water as a a Function of Temperature

and Salinity.
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ATTACHMENT A
SPECIFIC CONDUCTANCE OF M KCI
AT VARIOUS TEMPERATURES!
Temperature Specific Conductance
0 (umhos/cm)
15—1'147

16 1,173
17 1,199
18 1,225
19 1,251
20 1,278
21 1,305
22 1,332
23 1,359
24 1,368
25 1,413
26 1,441
27 1,468
28 1,496
29 1,524
30 1,552

1 Data derived from the International Critical

Tables 1-3-8.
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ATTACHMENT B8

VARIATION OF DISSOLVED OXYGEN CONCENTRATION
IN WATER AS A FUNCTION OF TEMPERATURE AND SALINITY

Dissoived Oxygen mg/|
Temperature Chloride Concentration in Water
°C . , Difference/100 mg chioride
20,000

0 14.6 13.8 13.0 12.1 11.3 0.017
1 14.2 13.4 12.6 11.8 11.0 0.016
2 13.8 13.1 12.3 1.5 10.8 0.015
3 13.5 12.7 12.0 11.2 10.5 0.015
4 13.1 12.4 11.7 11.0 10.3 0.014
5 12.8 12.1 11.4 10.7 10.0 0.014
6 12.5 1.8 11 10.5 9.8 0.014
7 12.2 11.8 10.9 10.2 96 0.013
8 11.9 11.2 10.6 10.0 94 0.013
9 11.6 11.0 10.4 9.8 9.2 0.012
10 11.3 10.7 10.1 9.6 9.0 0.012
1" 1.1 10.5 9.9 9.4 88 0.011
12 10.8 10.3 9.7 9.2 8.6 0.011
13 10.6 10.1 9.5 9.0 8.5 0.011
14 10.4 99 9.3 8.8 . 83 0.010
15 10.2 9.7 9.1 8.6 8.1 0.010
16 10.0 9.5 9.0 8.5 8.0 0.010
17 9.7 9.3 8.8 8.3 7.8 0.010
18 95 9.1 8.6 8.2 7.7 0.009
19 94 8.9 8.5 8.0 7.6 0.009
20 9.2 8.7 83 7.9 74 0.009
21 9.0 8.6 8.1 7.7 7.3 0.009
22 8.8 84 8.0 7.6 7.1 0.008
23 8.7 8.3 7.9 7.4 7.0 0.008
24 8.5 8.1 7.7 7.3 6.9 0.008
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ATTACHMENT B
VARIATION OF DISSOLVED OXYGEN CONCENTRATION
IN WATER AS A FUNCTION OF TEMPERATURE AND SALINITY

PAGE TWO
Dissolved Oxygen mg/|
Temp:; rature Chioride Concentration in Water
c ' Difference/100 mg chloride
0 I 5,000 * 10,000 I 15,000 | 20,000
T_zs_- 8.4 8.0 7.6 7.2 6.7 0.008 '

26 8.2 7.8 7.4 7.0 6.6 0.008
27 8.1 7.7 7.3 6.9 6.5 0.008
28 79 7.5 71 6.8 6.4 0.008
29 78 74 7.0 6.6 6.3 0.008
30 7.6 73 6.9 6.5 6.1 0.008
31 7.5

32 7.4

33 7.3

34 7.2

35 7.1

36 7.0

37 6.9

38 6.8

39 6.7

40 6.6

a1 6.5

42 6.4

43 6.3

a4 6.2

a5 6.1

46 6.0

a7 5.9

48 5.8

49 5.7

50 5.6

Note: In a chloride soiution, conductivity can be roughly related to chioride concenration (and
therefore used to correct measured D.O. concentration) using Attachment A.
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1.0 PURPOSE

This procedure describes the appropriate containers to be used for sampies depending on the
analyses to be performed, and the steps necessary to preserve the sampies when shipped offsite for
chemical analysis.

2.0 SCOPE

Different types of chemicals react differently with sample containers made of various materials. For
example, trace metals adsorb more strongly to glass than to plastic, while many organic chemicals .
may dissolve various types of plastic containers. It is therefore critical to select the correct container in
order to maintain the quality of the sampie prior to analysis.

Many water and soil samples are unstable, and therefore require preservation when the time interval
between fieid collection and laboratory analysis is long enough to produce changes in either the
concentration or the physical condition of the constituent(s) requiring analysis. While compiete and
irreversible preservation of samples is not possible, preservation does retard the chemical and
biological changes that inevitabiy take place after the sample is collected.

Preservation techniques are usually limited to pH control, chemical addition(s) and refrigeratiorv
freezing. Their purpose is to (1)retard biological activity, (2)retard hydrolysis of chemical
compounds/complexes, (3) reduce constituent volatility, and (4) reduce adsorption effects.

3.0 GLOSSARY

HCl - Hydrochioric Acid
H,S04- Sulfuric Acid
HNOj - Nitric Acid

NaOH - Sodium Hydroxide

Normality (N) - Concentration of a solution expressed as equivalent per liter, an equivalent being the
‘amount of a substance containing one gram-atom of replaceable hydrogen or its equivalent. Thus, a
one molar solution of HCl, containing one gram-atom of H, is “one-normal,” while a one molar
solution of H;50,4 containing two gram-atoms of H, is “two-normal.”

4.0 RESPONSIBILITIES

Field Operations Leader - retains overall responsibility for the proper storage and preservation of
samples. During the actual collection of sampies, the sampling technician(s) will be directly
responsible for the bottling, preservation, labeling, and custody of the samples they coliect until
released to another party for storage or transport to the analytical laboratory.

5.0 PROCEDURES

5.1 SAMPLE CONTAINERS

For most samples and analytical parameters either glass or plastic containers are satisfactory. In
general, if the analyte(s) to be determined is organic in nature, the container shall be made of glass.
If the analyte(s) is inorganic, then the container shall be plastic. Since container specification will
depend on the analyte and sample matrix types (as indicated in Attachment A) duplicate samples
shall be taken when both organic and inorganic analyses are required. Containers shall be kept in the
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dark (to minimize biological or photooxidation/photolysis breakdown of constituent) until they reach
the analytical laboratory. The sample container shall aliow approximately 5-10 percent air space
("ullage”) to allow for expansion/vaporization if the sampie is heated during transport (1 liter of
water at 4°C expands by 15mi if heated to 130°F/55°C), however, head space for volatile organic
analyses shall be omitted.

For CLP laboratories, containers will be obtained through the CLP Sample Management Office. For
Responsible party actions or non-CLP laboratories, the laboratory shall provide containers that have
been cieaned according to U.S. EPA procedures. Sufficient lead time shall be allowed. Shipping
containers for samples, consisting of sturdy ice chests, are provided by the laboratory of the remedial
investigation contractor.

Once opened, the container must be used at once for storage of a particular sample. Unused but
opened containers are to be considered contaminated and must be discarded; because of the
potential for introduction of contamination, they cannot be reclosed and saved for later use.
Likewise, any unused containers which appear contaminated upon receipt, or which are found to
have loose caps or missing Teflon liner (if required for the container) shail be discarded.

General sample container and sampie volume requirements are listed in AttachmentA. Specific
container requirements are listed in Attachment B.

5.2 PRESERVATION TECHNIQUES

The preservation techniques to be used for various anaiytes are listed in Attachments A and B.
Reagents required for sample preservation will either be added to the sampie containers by the
laboratory prior to their shipment to the Field or added in the Field. In general, aqueous samples of
low concentration organics (or soil sampies of low or medium concentration organics) are cooled to
4°C. Medium concentration aqueous sampies and high hazard organics sample are not preserved.
Low concentration aqueous samples for metals are acidified with HNO3, while medium concentration
and high hazard aqueous metal samples are not preserved. Low or medium concentration soil
samples for metais are cooled to 4°C while high hazard samples are not preserved.

The foliowing subsections describe the procedures for preparing and adding chemical preservatives.
Attachments A and B indicate the specific analytes which require these preservatives.

5.2.1 Addition of Acid (H250,, HC!, or HNO3) or Base

Addition of the following acids or bases may be specified for sample preservation; these reagents
shalll be analytical reagent (AR) grade and shall be diluted to the required concentration with double-
distilled, deionized water in the laboratory, before Field sampling commences:
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. . . Amount for
Acid Base Concentration Normality Acidification®
HCI. 1:1 dilution of concentrated HCI 6N 5-10 mi
H12504 1:1 dilution of concentrated H,S0, 18N 2-5mi
HNO; Undiluted concentrated HNO3 16N 2-5mi
NaOH 400 grams solid NaOH in 870 mi water 10N 2mi**

* Amount of acid to add (at the specified strength) per liter of water to reduce the sampie
pH to less than.2, assuming that the water is initially at pH 7, and is poorly buffered and
does not contain particulate matter.

** To raise pH of 1 liter of water to 12.

The approximate volumes needed to acidify one liter of neutral water to a pH of less than 2 (or raise
the pH to 12) are shown in the last column of the above table. These volumes are only approximate;
if the water is more alkaline, contains inorganic or.organic buffers, or contains suspended particles,
more acid may be required. The final pH must be checked using narrow-range pH paper.

Sampie acidification or base addition shall proceed as follows:
® Check initial pH of sampie with wide range (0-14) pH paper.

® Fill sample bottle to within 5-10 mi of final desired volume and add about 1/2 of estimated
acid or base required, stir gently and check pH with medium range pH paper (pH 0-6 or
pH 7.5-14, respectively).

® Add acid or base a few drops at a time while stirring gently. Check for final pH using
narrow range (0-2.5or 11-13, respectively) pH paper; when desired pH is reached, cap
sample bottie and seal.

Never dip pH paper into the sample; apply a drop of sample to the pH paper using the
stirring rod.
5.22  Cyanide Preservation
Pre-sample preservation is required if oxidizing agents such as chiorine are suspected to be present.
To test for oxidizing agents, place a drop of the sample on Ki-starch paper; a biue color indicates the
need for treatment. Add ascorbic acid to the sample, a few crystais at a time, until a drop of sampie
produces no color on thé Ki-starch paper. Then add an additional 0.6 g of ascorbic acid for each liter
of sample volume. Add NaOH solution to raise pH to greater than 12 as described in 5.2.1. If
oxidizing agents are not suspected, add NaOH as directed.

5.23 Sulfide Preservation

Samples for sulfide analysis must be preserved by addition of 4drops (0.2 mi) of 2N zinc acetate
solution per 100 mi sampie. The sample pH is then raised to 9 using NaOH. The 2N zinc acetate
solution is made by dissolving 220 g of zinc acetate in 870 m| of distilied water to make 1 liter of
solution.
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5.2.4 Preservation of Organic Samples Containing Residual Chiorine

Some organic samples containing residual chlorine must be treated to remove this chiorine upon
collection (See AttachmentA). Test the samples for residual chlorine using EPA methods 330.4 or
330.5 (Field Test Kits are available for this purpose). If residual chlorine is present, add 0.008% sodium
thiosulfate (80 mg per liter of sampie).

5.2.5 Field Filtration

When the objective is to determine concentration of dissolved inorganic constituents in a water
system, the sample must be filtered through a non-metallic 0.45 micron membrane filter immediately -
after collection. A filtration system is recommended if large quantities of samples must be filtered in
the field. The filtration system shall consist of a Buchner funnel inserted into a single-hole rubber
stopper, sized to form a seal when inserted into the top of a vacuum filter flask equipped with a
single side arm. Heavy-wall Tygon tubing shall be attached to the single side arm of the vacuum filter
flask and the suction port of a vacuum pump. The stem of the Buchner funnel shall extend below the
level of the side arm of the vacuum filter flask to prevent any solvent from entering the tubing
ieading to the vacuum pump. Before filtration, the filter paper, which shall be of a size to lay flat on
the funnel plate, shall be wetted with the solvent in order to "seal” it to the funnel. Siowly pour the
solvent into the funnel and monitor the amount of solvent entering the vacuum filter flask. When
the rate of soivent entering the flask is reduced to intermittent dripping and the added aliquot of
solvent in the funnel has passed through the filter, the used filter paper shall be repiaced with new
filter paper. If the solvent contains a high percentage of suspended solids, a coarser-sized
nonmetaliic membrane filter may be used prior to usage of the 0.45 micron membrane filter. This
"prefiltering” step may be necessary to expedite the filtration procedure. Discard the first 20 to 50 ml
of filtrate from each sample to rinse the filter and filtration apparatus to minimize the risk of altering
the composition of the samples by the filtering operation. For analysis of dissolved metals, the filtrate
is collected in a suitable bottle (see Section 5.1) and is immediately acidified to pH 2.0 or less with
nitric acid whose purity is consistent with the measurement to be made. Inorganic anionic
constituents may be determined using a portion of the filtrate that has not been acidified.

-Samples used for determining temperature, dissolved oxygen, Eh, and pH should not be filtered. Do
not use vacuum filtering prior to determining carbonate and bicarbonate concentration because it
removes dissolved carbon dioxide and exposes the sample to the atmosphere. Pressure filtration can
be done using water pressure from the weli. If gas pressure is required, use an inert gas such as argon
or nitrogen.

Do not filter samples for analysis of volatile organic compounds. If samples are to be filtered for
analyzing other dissolved organic constituents, use a glass-fiber or metal-membrane filter and collect
the samples in a suitable container (see Section 5.1). Because most organic analyses require extraction
of the entire sample, do not discard any of it. After filtering, the membrane containing the
suspended fraction can be sealed in a glass container and analyzed separately as soon as practicable.
Total recoverable inorganic constituents may be determined using a second, unfiltered sample
collected at the same time as the sampie for dissolved constituents.
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6.0 REFERENCES

American Public Health Association, 1981. Standard Methods for the Examination of Water and
Wastewater. 15th Edition. APHA, Washington, D.C.

U.S. EPA, 1984. “Guidelines Establishing Test Procedures for the Analysis of Pollutants under Clean
Water Act.” Federal Register, Volume 49 (209), October 26, 1984, p. 43234.

U.S. EPA, 1979. Methods for Chemical Analysis of Water and Wastes. EPA-600/4-79-020. U.S. EPA-
EMSL, Cincinnati, Ohio.

7.0 ATTACHMENTS
Attachment A - General Sample Container and Preservation Requirements CERCLA/RCRA Sampies

AttachmentB - Required Containers, Preservation Techniques, and Holding Times (3 sheets)
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Organic/Inorgantc Kigh Nazazd llol (120 ml) wide-mouth 6 os Sone " by |
9lass
Dioxin All 4 oz (120 ml) wide-mouth 4 08 None L LY a
9lass g g >
"}
ZP Toxlcity All 250 ml h.d. polysthylene 200 grams None nA 3 5 -
. ral S
%‘ltllo Organica Low Charcosl Tube 100 1 air Cool to 4°C NA ; <
) Medium 7T cm long, 6 =m OD, 4 mm 1D w =
>
1. All glass containers should have Teflon cap liners or septa. s o ~
2. See Attachment B. - v lo
m § -+
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Parasster No./Nane

INORCANIC TRSTSS

Acldicy

Alkalfatty

Asssafs

Bechantical Onygen Besand

Srenide

Slechesical Osyges Desand, Carbesscesas
Chenicel Ouyges Dessad

Chlotide

Chlotins, Total Gasidwmsl

Caler
Cysaides, Total sad Amsasile to Qhlsrisstice

Nueeride

Natdeeoo

Nydreges len (pW)
Kjeléahl and Orgenic Nitreges
Nitrete

Nitrete-Niteite

nicrite

011 end Grease

Qcganle Corbon
Orthaphosphate

Osyges, Dloselved-Probe
Osygen, Blosclved-Winkler
Phesele

Phoophorue (eleacatel)
Pheepherve, Tetel
Residue, Totsl

Sesidue, Miltersbdle
Residue, Noafiltecables (133)
fleetéue, Setticadle
festdue, Velstile

Stlice .

Specific Conduttonce
Sullete

Selftde

Sulftite
Sutfsctante
Teopetatute
Tebidiny

rerass (?)
Chresive V1

Neteury
netale, encept Chromtum VI oad Netcury

vehew

ESBQ na
T
$3

Presagvat ls"'” Nesioun Selding ﬂ-“,
Coel, &°C 14 doye
Coel, 4°C 14 doye
Tesi, 8°C, o4 te = H I8 doye
Coel, 4°C 40 hours
Neas Tegquired 20 doys
Coel, 4°C 48 houte
Coel, 4°C, ra”‘ te il 2 20 dope
Bens requl 20 deys
Nose tequized Asalyce iamediately
Coel, 4°C [V hu'
Cool, 4°C, MeON A L 1, 0.6 16 dape'®
sscorbic ocl‘
Nene requited 20 days
Ilo’uﬂl. N3304 co o 2 + 6 wsathe
Wese required Saslyss famedistely
Cos), 4°C, M304 to gt 2 10 doye
Ceel, A°C 40 boute
Cesl, 4°C, M30y te gt 2 20 doye
Coel, 4°C 40 beurse
Cosl, 4°C, #3304 to o8 2 28 daye
Cool, 4°C, NCL or U350, ve ol 2 20 dope
rilter tanediately, Cool, 4°C 40 hours
Hess tequited Asalyte Lamediataly
Pin s site sed stere l; dark 0 boure
Coel, 4°C te 20 doya
c.ol: ac’ ha%ee a L h‘n
Cosl, 4°C, M99 te i 2 20 dope
Ceel, 4°C ? deye
Cosl, 4°C 40 house
Cool, 4°C 7 daye
Cee), 4°C : A8
Coel, 4°C 7 doys
Coel, A°C 20 dapys
uol. 4°c 18 daye
. 8°C 18 dope
Cool. 4°C, add sisc scetote plwe mdle ? dape
hydreuide to pB 9
Nene tequivred Ssslyss Lmaedictely
Cool, 4°C 40 bouse
ene n,-ln‘ Asslyse lmmedistely
Cesl, A°C 48 houte
Cool, §°C 34 houre
W03 te gt 2 18 days
WOy te it 2 ) 6 seathe

eigng

NOILYAY3ISIUd ITdNVS
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Parsnceter Ne./Nase

Cnuluu“)

1,3

Praservetion

Hestonm Selding Ties

(4)

. vafang

wv
oxcantc TESTSO) )g’
Purgesble Helococbens C, Teflea-11sed septus Cool, 4°C, 9.0088 Waj$303(3) 18 dogs =2
Purgeable Aresstic Bydrecstrbons €, Tetloa-}ined septum Ceel, 4°C, n.m: Nepsyeyi3) 18 deye m
uCl te g 2 g 0
Acrolein ond Acrylesiteite G, Tellea-11sed saptua Ceel, 4°C, 0.008F “‘ip,(” 18 doye O m
adjuet pit te 4-9 c w
Phesels(11? €, Teflea-11ued cap Coel, 4°C, 0.0008 Baysy0y(%) 7 daye wati) estractios, = m
s 49 days slter nluelln g b
Sestidines! 1)) G, Tellon-11ned cop Cosl, 4°C, 0.0082 Way3y0y(?) 7 doys watit entraction o §
*ahslote Buterelll) €, Tetlen-1tned cap Cool, 4°C ? doye mti) estrection, et
48 dapo alter entrectice 3 6
Nitresansacel13.:14) €, Teflen-11ned cop Ceel, 4°C gtota la dack, 0.0088 7 days watil estrection, E' 2
Ney5303 , V0 days after estractien »
rcaelil) aceyloasertie G, Tetlea-lined cop Cool, 4°C ? days wneil estrection, =
i 40 doya after sstraction o
Nitrosronatice cnd In.hnu"” G, Tollse-110ed cop Coel, 4°C, 0.008% Ne39303' %7, stese ? doyo watl] estesctlon, w
1a deth 40 days ofter estroction :ll
Polysuclanr Arenatie I,‘nal.ou"” C, Teflon-11ued cop Ceel, 4°C, 0.0082 Iq!,ﬂ;‘”. otere 1 doyw wati] astrective, F-1
e dach 48 daye after entrection m
Nalsetharef 1) €, Tellea-11ned cop Cosl, 4°C, 0.008% Nag3y04{3) 7 doye wartl estrectioen, -4
48 daye sfter astrectioe >
Chlerinsted Npdrecatbonet i) C, Tellon-1ined cap Ceol, 4°C 7 doye watil entrscties, < j F3 2
40 deye ofter esteaction > < s
oot i) G, Tellon-118ed cop Ceal, 4°C, 0.008% Mey3;0y(3) 7 daps wmtil estssctiocn 2N a g
40 daye oltar extraction oZx -] ]
PESTICIDES TESTI: 2 g
Pesticades(ll) C, Tellea-11ned cap Csel, 4°C, o8 s-9(13) 7 ésye wti] entractics, ﬁ ':'v: ~ w
48 daye slter asteoction [a B | -
RABIOLOCICAL TESTS: % o N
" s ~
1-3 Algha, beta ‘ind rediwe P, c w0y te N 2 ¢ senthe g
m
TANLE ] Wetes «n
(1) Pelyetbylens (P) or Glass (C). ;
(1) Sesple preservation sheuld be performed tumediotely wpoa ssaple collection. For conpesite chesical seaples esch sliquet ohould be setved 8§ the o
fne of collection. When woe of sa sutemsted seapler sshes 1t lopeseible te presesrve asch sliquet, thea chenical sesples ey be preserved asiatetalag ot = o
»* watil conpeeitisg and senple oplitting is completed. 'g
(3) When suy sanple 18 to be shipped by cosmen carrier or sest through the Wafted States Melle, It suet comply with the Pepartacut of Tromsperiotion 9, m o
sasdous Natevisle Regulstions (49 CMR Pact 1)2). 2 3 .“',
) o
(4) Semples sheuld be ssalyzed oo ssoe sa possible olter collection, The tises lloted ore the aesfoun tises that cemples may be held belore smslyete = g
4 otill be cometdered valid. Seuples 9oy be held for longet periode only 1f the perulttes, or senttering laborateary, has date oo file to ohow that the o
-le sypere of sacplea uader otudy are stoble for the longer tine, and heo veceived & veslonce frea the Reglonsl Adalafotestor. § 9
”
(3) Sheuld culy ba weed 1o the presence of venidual chletine. w »
o o
2 g |2
m 8 I°
~
[ | " | ' | L 8 | L L " L L
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(8) Mestoum holding t1an 10 24 houre vhes sulfide fo present. Optiomslly, all ssmples ssy be tested with lood scetate
order to dotermine If sulllde 10 presest. 1f sulfide io present, 1t cas be remsved by the addition of codaiun altrate
shtalsed. The sample s {11taced oad then NaON 10 added te pit L2,

poper bafere pil od justmsats fa
powdeat wntll & negstive apet test to

(7) Sasplas sheuld b filtered tamedistely sa-site belsre odding preservetive for disselved matsla.
(8) Guidesce spplies to senples to be analysed by GC, LC, or CC/0S for specitic compounds.
(9) Sample recetviag ne pi ol justanat sust be snslysed within seves daya of sangling.

of seapling.

(11) When the satrectable ssalytes of concers fell withia o slingls chenical category, the opecified presesvative sad aesinus holdlag tines should be
oboerved for optimm sefeguerd of semple uu.ru‘. Yhoa ghe emalytes of concers fall within twe or nete cheafcat eategerise, the senple sey be preserved
By cooling teo 4°C, seducing testdusl chlorine with 0.000% sedtive thicsulfate, stering In the dark, sad adjvating the ol to 6-9; senples prasecved 1a thls
assset asy ke hald for soves daye bafere estractios snd for forty days after astraction. Escepticse to thie epticeal presarvation and belding time
precadure ate moted ia fostaste 3 (rwi the requirennes for thicoulfate reduction of resfdusl chiorine) oad fostnstes 12, 13 (res the aaalyete of denstdine).

(12) 32 1,2-d1pheapithpitasine 1o 110hely to bo peesent, adfust the ot of the sample ts 4.0:0.2 to prewet rearTeagencat te beasidies.
(1)) Satrects map be stored wp to 7 doye hafove emalpais 1f ot ge ta '] d wnder an fsert (esidest-teea) stmsephere.

(10) The it edjuotusst 10 nst Toquired 1f octeletn will wot be msssured. Seaples for acrelels recalving ne pil odjustment awet be asalysed withis 3 dape

(14) Por tha sanlyeis of diphenylaitrecsnias oéd 0.0082 Be38303 ead adjuet pit to 7-10 with NeON QICN- 24 hours of sempling.

(13) The pil adjuatnent mey bo pecforsed upsn recalpt ot the laberatory sad sey he eutited Uf the sanples ore extracted withia 72 house of colloction.
Foz the asciysis of aldsia, odd 0.0008 ne3t 8y,
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DECONTAMINATION SF-2.3 20f4
OF CHEMICAL SAMPLING AND o pr——
FIELD ANALYTICAL EQUIPMENT 1 05/04/90

1.0 PURPOSE

The purpose of these procedures is to provide a general methodology, protocol, and reference
information on the proper decontamination procedures to be used on chemical sampling and field
analytical equipment. '

2.0 SCOPE

This procedure addresses chemical sampling and field analytical equipment only, and should be
consuited when equipment decontamination procedures are being developed as part of project-
specific plans.

3.0 GLOSSARY
None.
4.0 RESPONSIBILITIES

Site Manager - responsible for ensuring that project-specific plans and the impiementation of field
investigations are in compliance with these guidelines.

Field Operations Leader - responsible for ensuring that decontamination procedures for all chemical
sampling and field anaiytical equipment are programmed prior to the actual field effort and that
personnel required to accomplish the task have been briefed and trained to execute the task.

5.0 PROCEDURES

In order to assure that chemical analysis results are refiective of the actuai concentrations present at
sampling locations, chemical sampling and field analysis equipment must be properly
decontaminated prior to the field effort, during the sampling program (i.e., between samplie points)
and at the conclusion of the sampling program. This will minimize the potential for cross-
contamination between samplie points and the transfer of contamination offsite.

This procedure incorporates only those aspects of decontamination not addressed in other
procedures. Specifically it incorporates those items involved in decontamination of chemical
sampling and field analytical equipment.

5.1 ACCESS FOR SAMPLING

5.1.1 Bailers and Bailing Line

The potential for cross-contamination between sampling points via the use of common bailer, or its
attached line, is high unless strict procedures for decontamination are foliowed. It is preferable, for
the aforementioned reason, to dedicate an individual bailer and its line to each sampie point,
although this does not eliminate the need for decontamination of dedicated bailers. For
non-dedicated sampling equipment, the following conditions and/or decontamination procedures
should be followed. .

0334901
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Before the initial sampling and after each succeeding sampling point,_ the bai.ler must be
decontaminated. The following steps should be followed if sampling for organic contaminants:

Potable water rinse

Alconox or Liquinox detergent wash

Scrubbing of the line and bailer with a scrub brush may be required if the sample point if
heavily contaminated with heavy or extremely viscous compounds
Potabie water rinse

Rinse with 10 percent nitric acid solution*

Deionized water rinse

Acetone or methanol rinse

Hexane rinse**

Distilled/Deionized water rinse

Air dry

If sampling for organics only, the nitri¢ acid, acetone, methanol, and hexane rinses may be omitted.
Contract-specific requirements may permit alternative procedures.

Braided nylon or polypropylene lines may be used with a bailer, however, the same line must not
come in contact with the sampie medium, otherwise, the line must be discarded in an approved
receptacie and replaced. Prior to use, the bailer should be wrapped in aluminum foil or polyethyiene
sheeting.

512  sampling Pumps

Most sampling pumps are normally low volume (iess than 2 gpm) pumps. These include peristaltic,
diaphragm, air-lift, pitcher and bladder pumps, to name a few. If these pumps are used for sampling
from more than one sampling point, they must be decontaminated.

The procedures to be used for decontamination of sampling pumps compare to those used for a
baiier except the 10 percent nitric acid solution is omitted. Each of the liquid factions is to be pumped
through the system. The amount of pumping is dependent upon the size of the pump and the length
of the intake and discharge hoses. Certain types of pumps are unacceptable for sampling purposes.

An additional problem is introduced when the pump relies on absorption of water via an iniet or
outlet hose. For organic sampling, this hose should be Teflon. Other types of hoses leach organics
into the water being sampled (especially the phthalate esters) or adsorb organics from the sampled
water. For all other sampling, the hose should be Viton, polyethylene, or polyviny! chloride (in order
of preference). Whenever possible, dedicated hoses shoulid be used.

Due to the !eaching ability of nitric acid, on stainless steel, this step is to be omitted if a stainless
steel sampling device is being used and metals analysis is required with detection limits less than
approximately 50 ppb; or the sampiing equipment is dedicated.

** if sampling for pesticides, PCBs, or fuels.

D334901
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5.1.3 Filtering Equipment

Part of the sampling plan may incorporate the filtering of groundwater samples, and subsequent
preservation. This should occur as soon after sample retrieval as possibie; preferably in the field as
soon as the sample is obtained. To this end, three basic filtration systems are most commonly used -
the in-line disposable Teflon filter, the inert gas over-pressure filtration system, and the vacuum
filtration system.

For the in-line filter, decontamination is not required since the filter cartridge is disposable, however,
the cartridge must be disposed of in an approved receptacie and the intake and discharge lines must
still be decontaminated.

For the over-pressure and the vacuum filtration systems, the portions of the apparatus which come in
contact with the sample must be decontaminated as outlined in the paragraphs describing the
decontamination of bailers. (Note: Varieties of both of these systems come equipped from the
manufacturer with Teflon-lined surfaces for those that wouid come into contact with the sample.
These filtration systems are preferred when decontamination procedures must be employed.)

5.2 FIELD ANALYTICAL EQUIPMENT
5.2.1 Water Level Indicators

Water level indicators that come into contact with groundwater must be decontaminated using the
following steps:

Rinse with potable water
Rinse with deionized water
Acetone or methanol rinse
Rinse with deionized water

Water level indicators that do not come in contact with the groundwater but may encounter
incidental contact during installation or retrieval need only undergo the first and last steps stated .
- above.

52.2 Probes

Probes, e.g., pH or specific ion eiectrodes, geophysical probes, or thermometers which would come in
direct contact with the sample, will be decontaminated using the procedures specified above unless
manufacturer’s instructions indicate otherwise; in those cases, the methods of decontamination must
be clearly described in the FSAP. Probes that contact a volume of groundwater not used for
laboratory analyses can be rinsed with deionized water. For probes which make no direct contact,
e.g., OVA equipment, the probe will be wiped with clean paper-towels or cloth wetted with alcohol.

6.0 REFERENCES
None.
7.0 RECORDS

None.
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Standard Method for

Penetration Test and Split-Barrel Sampling of Soils’

mmn—nmmmmmmu

mm«.mme-dmmmdhm

mwwmhd—l--u—hy-d

A BUIBDSY 10 PARThINS (acicates the your of last reagRwoval. A

mm«)m-mmmmumum
mmmmwpm»mdwmdmuﬁrmnwwo Index of Specrficanions and

Siansaras.

1. Scope

I.| This method describes the procedure. generally
knmumesmmnrmtsm.fordﬂvinu
split-barrel sampier to obtain a representative soil sampie
mdammnofmemofthewﬂmpcneuuionof
the sampier.

1.2 This standard may invoive hazardous mazerials. oper-
aiions. and equipment. This standard does not purport 10
aadm:all-othesafaypmblmasmedwithium. Itis
zherspmnbilityofwhoeverusamisnandardwwmhmd
establish memmmwmm
mune the applicability of reguiatory limuations prior to use.
For a specific precautiopary statement. see 5.4.1.

1.3 The values suated in inch-pound units are to be
regarded as the standard.

2. Referenced Documents

2.1 ASTM Standards:

D 2487 Test Metbod for Classification of Soils for Eng-
neenng Purposes™

D 2488 Pracnce for Description and Idendficanon of Soils
(Visuai-Manual Procedurer

D 4220 Practices for Preserving and Transporung Sail
Sampies”

3. Descriptions of Terms Specific to This Standard

3.1 anvil—that poron of the drive-weight assembly
which the hammer strikes and through which the hammer
energy passes into the drill rods.

3.3 catnead—the. rotaung drum or windlass in the rope-
catbead lift system around which the operator wraps a rope
to lift and drop the hammer by successively ughtening and
loosemung the rope turns around the drum.

3.3 dnil rods—rods used to transmut downward force and
torque to the drill bit whiie dniling a borehole.

3.4 dnve-weignt assembiv—a device consisung of the
hammer. bameer 1all gude, the anvil, and any hammer
drop svstem.

3.5 hammer—ihat portion of the drive-weight assembly
consisung of the 140 = 2 Ib (63.5 = | kg) impact weight
which is successively lifted and dropped to provide the
energy that accompiishes the sampling and penetrauon.

‘mwummmdmmnllmwm
Rock 3nG 13 1he GAMRCT respoREDitly ot Subcommunee D13.02 on Sampuag asd
Reiawa Ficid Tesusg tor Soul invesuganons

Currest ettow approved Sept. 11, 1984. Publushed Novemoer 1984. Ongaaily
ubished as D 1566 - 38 T. Last previous stinos D 1386 = 07 (1974).

 Annuse Book of ASTM Sianaeras. Vol 04.08.

21

3.6 hammer drop sysiem—ihat portion of the dnve-
wdmmﬂybywhichmemmmpm the
liﬁin:anddmppin;of:hehammtopmducemeblw.

3.7 hammer fali guide—that part of the drive-weight
assembly used to guide the fall of the hammer. -

3.8 N-vaiue—the biowcount jon of the pene-
tration resistance of the soil. The N-value, reported in blows
pcfooneththcsnmofthenumberofblmmnhedto
dxiwthenmﬂaovenhedemhinwﬂoﬁwlsin.(lso
to 450 mm) (see 7.3).

3.9 AN——the number of biows obtained from each of the
6-in. (150-mm) intervais of sampiler penetration (see 7.3).

3.10 mumber of rope turns—the total contact angie be-
mthempeandthewhadathebemmofthe
omsmpemiuwdxwmeum.dividedby
360° (see Fig. 1).

3.11 sampiing rods—rods that connect the drive-weight
muywmemplﬂ.mﬂmdsmoﬁmwformn

purposc.
3.12 SPT—abbreviation for Standard Penewration Test. 2
mbywhi:hmdmmmodymmm'smhod.

4. Significance and Use

4.1 This method provides a soil sampie for identificanon
purposes and for iaborstory tests appropriate for ‘soil ob-
tained from a sampiler that may produce large shear strain
disturbance in the sampie.

4.2 This method is used extensively in 8 grest variety of

and widely publisbed correiations which relate SPT blow-
count, or N-value, and the engineenng behavior of earth-
works and foundations are available.

5. Apparatus

5.1 Drilling Eguipmem—Any drilling equipment that
pmvidsntheﬁmeofmplinznsuiuﬂydanopenhole
before inserton of the sampier and easures that the penetra-
ton test is performed on undisnurbed sail shall be acceptabie.
The following pieces of equipment have proven to be
suitable for advancing a borehole in some subsuriace condi-
tons.

5.1.1 Drag, Chopping, and Fishiail Bits, less than 6.5 in.
(162 mm) and greater than 2.2 in. (56 mm) in diameter may
be used in conjuction with open-hoie rotary drilling or
casing-advancement drilling methods. To avoid disturbance
of the underiying soil. bottom discharge bits are oot per-
mitted: only side discharge bits are permutted.

5.1.2 Roller-Cone Bits, less than 6.5 in. (162 mm) and
mml:in.(%m)indiammbewm
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conjunction with open-hole rotary drilling or casing-ad-
vancement drilling methods if the drilling fluid discharge is
deflected.

5.1.3 Hollow-Stem Continuous Flight Augers, with or
without 2 center bit assembly, may be used to drill the
boring. The inside diameter of the hollow-siem augers shail
be iess than 6.5 in. (162 mm) and greater than 2.2 in. (56
mm).

5.1.4 Solid. Connnuous Flight. Bucket and Hand Augers.
less than 6.5 in. (162 mm) and greater than 2.2 in. (56 mm)
10 diameter may be used if the soul on the side of the boning
does not cave onto the sampier or sampling rods during
sampiing.

5.2 Sampiing Rods—Flush-joint steei drill rods shaill be
used to connect the split-barrel sampier 10 the drive-weight
assemblv. The sampling rod shall have a stiffness (moment
of inerna) equal 10 or grester than that of parallel wall A"
rod (a steel rod which has an cumde diameter of 1% in.
{41.2 mm) and an inside diameter of Vs in. (28.5 mm).

NOTE |—Recent research and comparstive tesung indicates the type
rod used. with suffness ranping from =A™ qze rod 0 “N™ size rod. wall
usually bave a negiypibie etfect on the A-values 1o depths o1 at ieast 100
f1 (30 my

5.3 Splii-Barrel Sampler—The sampier shail be con-
structed with the dimensions indicated in Fig. 2. The driving
shoe shall be of hardened steel and shall be repiaced or
repaired when it becomes dented or distorted. The use of
liners to produce a constant inside dizmeter of 1% in. (3§
mm) is permuned. but shall be noted on the penetraton

299
-

record if used. The use of a sampie retainer basket is
permitted. and should aiso be noted on the penetraton
record if used.

—

NOTR 2-Both theory and availsbis ot dats suggest that N-vaiues

may increass betweea 10 t0 30 % when Liners are wesd.

5.4 Drive-Weight Assembiy:

5.4.1 Hammer and Anvii—The hammer shall weigh 140
*=21b(63.5 = 1 kg) and shail be a solid rigid metllic mass.
The hammer shall strike the anvil and make steel on steel
mwhmnuMAhmmﬁnmmmga
mmmummwmwmm
rope method shail have an unimpeded overtift capsary of at
least 4 in. (100 mm). For safety reasons, the use of a hammer
assembly with an internal anvil is encouraged.

Nore 3—It is sugpemed that the bammer fall guide be permanenty
marked t0 cnable the OPerstor Or IMEPECIOr 10 judgs the hammer drop
beght.

5.4.2 Hammer Drop System—Rope-cathead, trip, semi-
automanc. or automsatc hammer drop systems may be used.
providing the lifting apparatus will not cause penetration or
the sampier while re-engaging and lifting the hammer.

5.5 Accessory Egquipmemi—Accessories such as labeis.
sampie containers, data sheets. and groundwater level mea-
sunng devices shall be provided in accordance with the
requirements of the project and other ASTM standards.

6. Drilling Procedare
6.1 The boring shall be advanced incremenally to pe

—
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FIG. 2 Spit-Berel Sampler

intermutient Or connnuous sampiing Test intervals and
locauons are normaily supulated by the project engineer or
geoiopst. Typically, the intervais seiected are 5 ft (1.5 mm)
or less 1n homogeneous strata with test and sampling
locauons at every change of strata.

6.2 Any drilling procedure that provides a suitably clean
anc stable boie before insertion of the sampier and assures
that the penewrauon lest 15 performed on esscnually undis-
turped sou shall be acceptable. Each of the followmng
procegures ave proven 10 be acceptabie for some subsuriace
condiuons. The subsurtace condiuons anucipated shouid be
considerea when sciecung the drilling method to be used.

6.2.1 Open-hole rotary drilling method.

6.2.2 Conunuous tlight hollow-stem auger method.

6. 2.3 \Wash bonng method.

6.2.4 Conunuous ilight solid auger method.

6.3 Several drilling methods produce ubacceptable
borings. The process of jeting througn an open tube sampier
and then sampiing winen the desurea depth is reached shall
not be permurted. The conunuous slight solid auger method
shall not be used lor advancing the bonng beiow a water
table or below the upper confimng bed of a coniined
non-conesive stratum that 1s under artestan pressure. Casing
mav not oe advanced beiow the sampnng elevauon prnor o
sarnpung. Advancng 4 bonng with bottom discharge bits 1s
not permissipie. [t 1s not permissibie 1o advance the bonng
for supseauent 1nsernon of the sampier solely by means of
previous sampling with the SPT sampier.

.4 The aniling flwud level within the bonng or hollow-
stem augers shall be mainwuned at or above the 1o »ilu

groundwater level at all times during drilling, removal of drill
rods. and sampling.

7. Sampling and Testing Procedure

7.1 After the boring has been advanced 10 the desired
sampling elevation and excesmve cutings have been re-
moved.pmreforthemw:mmefollmunqmm
operauons.

7.1.1 Anach the split-barrel sampier 10 the sampling rods
and lower into the borebole. Do not allow the sampier to
drop onto the soil to be sampied.

7.1.2 Pouuonthehammerabovemdamchthcmvdto
the top of the sampling rods. This may be done before the
sampling rods and sampier are lowered into the borehole.

7.1.3 Rest the dead weight of the sampier. rods. anvil. and
drive weight on the bottom of the boring and apply a seanng
blow. If excessive cuttings are encountered at the bottom of
the boring, remove the sampier and sampling rods from the
bonng and remove the cutnngs.

7.1.4 Mark the driil rods in three successive 6-in. (0.15-m)
increments so that the advance of the sampler under the
impact of the hammer can be easily observed for each 6-in.
(0.15-m) increment.

7.2 Dnive the sampier with blows from the 140-1b (63.5-
kg) hammer and count the number of biows applied in each
6-in. (0.15-m) increment until one of the following occurs:

7.2.1 A total of 50 biows have been appiied dunng anv
one of the three 6-in. (0.15-m) increments descrived in 7.1.4.

7.2.2 A total of 100 biows have been applied.

7.2.3 There is no observed advance of the sampier during
the appiscation of 10 successive biows of the hammer.
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2.4 The sampier is advanced the compilete 181n.(045
m)unmmuthehmnublaweoummm‘asdsmbed
in 7.2.1. 7.2.2. or 7.2.3.

7.3 Record the oumber of biows required to effect each 6
in. (0.15 m) of penetration or fraction thereof. The first 6 in.
is considered 10 be a seating drive. The sum of the number of
blomraquuedformesecondmdmnd6m.ofmmonu
termed the “standard penetration resistance.” or the
“Nevaiue.” If the sampier is driven less than 18 in. (0.45 m),
as permutted in 7.2.1. 7.2.2, or 7.2.3. the number of blows
per eacn compiete 6-in. (0.15-m) increment and per each
parual increment shall be recorded on the boring iog. For
partal increments. the depth of penetration shall be reported
to the nearest | in. (25 mm), in addition to the number of
biows. If the sampier advances beiow the bortom of the
boring under the stauc weight of the drill rods or the weight
of the drill rods pius the static weight of the hammer. this
informanon shouid be noted on the boring log.

7.4 The raising and dropping of the 140-lb (63.5-kg)
hammer shall be accomplished using either of the foliowing
two methods:

T.4.1 By using a uip, automatic. or semi-automanc
hammer drop svstem which lifts the 140-b (63.5-kg)
hammer and allows ittodrop 30 = 1.0in. (0.76 m = 25 mm)
unimpeded.

7.4.2 By using a cathead to pull a rope artached to the
hammer. When the cathead and rope method is used the
system and operauon shall conform to the followming:

7.4.2.1 The cathead shall be essepnaily free of rust. oil. or
grease and have a diameter in the range of 6 to 10 in. (150 10
250 mm).

7.4.2.2 The cathead should be operated at a minimum
speed of rotauon of {00 RPM. or the approximate speed of
rotauon shall be reported on the boring log.

7.4.2.3 No more than 2% rope rurns on the cathead may
be used dunng the performance of the penerranon test as
shown n Fig. 1.

NOTE 4=-The operawor sbouid generallv use either 1%, or 2V rope
turns. depending UPon waether Or DOk the rope comes off the top (Ve
turns) or the bontom (2% ruras) of the cawead. It is generallv known
ang accepted that 2% or more rope turns conuderably impedes the fall
ol the bammer and shouid oot be used to pertorm the text. The cathead
rope shouid be mantuned in a retanvety dry, ciean. and unmayed

condinon.

7.4.2.4 For each hammer blow. 2 30-in. (0.76-m) Lift and
drop shall be ermpioved by the operator. The operauon of
puiling and throwioe the rope shall be pertormed rhvihmu-
callv without hoiding the rope at the 1op of the stroke.

7.5 Bring the sampter 1o the surtace and open. Record the
percent recovery oOr tae iength of sampie recovered. Descnibe
the soul sampses recovered as 10 composiuon. color. straufi-
€auon. ana conaition. then place one Of MOre representauve
poruons of the sampie into sealable moisture-proot con-
tapers (ars) without ramming Or disiorung apv apparent
strauficaton. Seal eacn contaiper o prevent evaporauon of
soii mosture. Aflix labeis 10 the containers beanng job

il

designation, boring number, sampie depth, and t ‘
count per 6-in. (0.15-m) increment. Protect the saup
against extreme temperature changes. If there is a soil char
within the sampier. mhaprt‘orachmmandnoup
location in the sampier barrel.

8. Report

8.1 Drilling information shall be recorded in the fieid al®
shall inciude the follomng

8.1.1 Name and locauon of job,

8.1.2 Names of crew. -
1.3 Typelndmakeofdnlhnzmmhmc.
.1.4 Weather conditions,
.1.5 Date and time of start and finish of boring,
lGan;numbermdlomon(monandcoom-
nates. if available and appiicable),
.1.7 Surface eievanon. if avaiiable.
.1.8 Mahodofadmngnddanmgmebonnz.
.1.9 Method of keeping boring open.
.1.10 Depth of water surface and drilling depth at th®™
time of a noted loss of drilling fluid, and time and date wner
reading or notarion was made.

8.1.11 Location of strata changes, ' -
8.1.12 Size of casing, depth of cased portion of bonng,
8.1.13 Equipment and method of driving sampier.

8.1.14 Type sampier and length and inside diameter ¢
barrel (note use of liners),

8.1.15 Size, rype, and section length of the sampling rods™
and

8.1.16 Remarks.

8.2 Data obtained for each sampie ghall be recorded -
field and shall inciude the following:

8.2.1 Sampie depth and, if utilized, the sampie number.
8.2.2 Description of soil,

8.2.3 Strata changes within sample,

8.2.4 Sampier penetranion and recovery lengths, and -
8.2.5 Number of blows per 6-in. (0.15-m) or parnal
increment.

9. Precision and Bias -

9.1 Variations in N-values of 100 % or more have been
observed when using different standard penetration test
apparatus and drillers for adjacent borings in the same sou
formaunon. Current opinion, based on field expenence. W
indicates that when using the same apparatus and driller.
N-values in the same soil can be reproduced with a coeffi-
cient of variation of about 10 %.

3.2 The use of faulty equipment. such as an exuemely W
massive or damaged anvil. 2 rusty cathead a low speed
cathead. an oid. oily rope, or msssive or poorly lubricated
rope sheaves can significantly contribute to differences 1n
N-values obtained berween operator-drill rig systems. -

9.3 The vanability in V-values produced by different drill
ngs and OpeTators may be reduced by measuring that parn of
the hammer energy delivered into the drill rods from the
sampier and adjusung N on the basis of comparauve B
energes. A method for energy measurement and N-value
adjustment s currentiy under deveiopment.
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SAMPLELOG SHEET

‘= HALLIBURTON N US Monitonng Well Data eae o
vironmental C,

orporation Domesuc Well Data Casee

Other
By

Project Site Name Project Site Number

NUS Source No. Source Location

Total Welil Depth: Purae Data

Well Casing Size & Depth: Voiume | pH S.C. |Temsn.(°C) Color & Turbidity

Static Water Level:

One Casing Voiume:

Start Purge (hrs.):

End Purae (hrs.):

Totai Purae Time (min.):

Total Amount Puroeo (0al.):

Monrtor Reaging:

Purae Metnod:

Sampie Method:

Deptn Sampied:

Sampie Date & Time: Sampie Data

oM | S.C. Teme.(°C) |  Coior & Turbigity

Sampied By:

Signature(s): Observations / Notes:

Type of Sampie

T Low Concentrauon
(O High Concentraucn
O Grab

] Comoosite

O Grab - Composite

ANaivsis: Preservative ] ;




dass HALLIBURTON NUS

8% Fmronmental Corporation

Project Site Name

SAMPLE LOG SHEET

Page of
1 Surtface Soil
J Suosurface Soil Case #
] Sediment
J Lagoon/Pond Sy
[ Other

Project Site Number

NUS Source No.

Source Location

Sampie Metnoa:

Composite Sampie Data

Sample

| Time i Coior / Description

Depth'Sampied:

Sempie Date & Time:

Sampied By:

Signature(s):

Type of Sampie
1 Low Concentration

L High Concentration

 Grab
[ Composite
T Grab-Composite

Sampie Data

Color

Description: {Sana, Clay, Dry, Maist, Wet, etc.)

Analvsis:

PRESERV.

Observations/ Notes

Organic Inorganic

Traffic Report #

Tag #

AB #

Date Shippea

Time Shioped

Lao

Voiume




BORING L0G Halliburto
n NUS
PROJECT. 30RING NO
PROJECT NO.. JATE: ORILLER.
tLEVATION: D GEOLOGIST
WATER LEVEL JATA -
{Date, Time & Canaitions)
L.FNOLOGY MATERIAL DESCRIPTION I
samort | OEPTw | BLOWS Sammg CnanGt 2 -
“0 B [3are 1§ agtcoveay { iDeewn.tt.) . :
srvee e 190 Tamm on B ’ MATERIAL co e REMARKS
20 tus ~ nGTw | SCREENED oLon Ty K
200 -:. . ' INTERVAL CLASSIFICATION " N
| |
l
|
[}
|
| | |
|
— |
|
REMARKS
BORING

PAGE




WELL NO.:

CORPORATION OVERBURDEN
MONITORING WELL SHEET

PROJECT: LOCATION: DRILLER:
PROJECT NO.: BORING: 3’2‘%&8‘&
ELEVATION: DATE: DEVELOPMENT
FIELD GEOLOGIST: METHOD:

Ground

‘E'","“”———— — ELEVATION TOP OF RISER:

—TYPE Of SURFACE SEAL:

Flush mount
surfoce casing
with lock

— TYPE OF PROTECTIVE CASING:
1.D. OF PROTECTIVE CASING:

—BOREHOLE DIAMETER:

%——"TV"E OF RISER PIPE:
ﬂ RISER PIPE 1.D.:

g

?

%

%

%

—TYPE OF BACKFILL/SEAL:

epth /tievotion
Stotic Woter Leve!

{Approx.)
ol — DEPTH/ELEVATION TOP OF SAND:
20 I
124 1
13 [
{';‘__ ‘1' DEPTH/ELEVATION TOP OF SCREEN:
"f_:: ] TYPE OF SCREEN:
Faz SLOT SIZE x LENGTH:
[l
L=t
%l 5,
|| = s=———TYPE OF SAND PacK:
L {=}]
","‘ : ::1
{_’ = ] —DEPTH/ELEVATION BOTTOM OF SCREEN:
LA DEPTH/ELEVATION BOTTOM OF SAND:

—DEPTH /ELEVATION BOTTOM OF HOLE:

i J\ J\

BACKFILL MATERIAL BELOW SAND:

ADFLL LETD\GEQL \ ORI DWW




A

HYDRAULIC CONDUCTIVITY TESTING DATA SHEET HALLIBURTON NUS CORPORATION |

PROECT NAME: ... eccercrccnncemteccane e s eneeeneeeseaa e e an e e WELL/BORING NQ.: .. ...
PROJECT NO.: ...eereeereerrerceerecene e BB LTS . ovoeeeteeeeeieeeareeeeeaeeameae e simss e m e
WELL DIAMETER: ....cooooniiinnnn. SCREEN LENGTH/DEPTH: ... TEST NQ-
STATIC WATER LEVEL (Depth/Elevation): ... DATE: ... . ...~
TEST TYPE (Rising/Fdlling/Constont HOBEY: . e . CHECXED: .............
METHOD OF INDUCING WATER LEVEL CHANGE: . . ... . , PAGE oF
REFERENCE PT. FOR WL MEAS. (Top of Casing, Tronscucer, ®RE.) ... .
ZLAPSED MEASURED DRAWDOWN ZLAPSED MEASURED DRAWDOWN 5 o
TIME WhERSURED |oR HEAD (M)  “TiME - | WATER LEVEL [OR HEAD (8H) =
(mm. or sec) (teet) { fwet) {min. or sec.) (feet) { feut) } : ..-lm ¢
f i |BOREHOLE ©
 —
Zﬂ’ 2 o ag
ﬁ@
T
2t
F=—"
W
2=
ZE=-
&=
~~ -
e
:
: incicote SWL
Deotn on Drowwg

CALCS.SHETCH WAPS. Z72.

L TETaT




DAILY ACTIVITIES RECORD - FIELD INVESTIGATION

Halliburton NUS

PROJECT NAME: PROJECT NO.:
CLIENT: LOCATION:
DATE: ARRIVAL TIME: DEPARTURE TIME:
CONTRACTOR: DRILLER:
BORING NO.: NUS REPRESENTATIVE: . . _
ORIGINAL PREVIOUS CUMULATIVE
ITEM (1) QUANTITY (2) | QUANTITY (2)] TOTAL(2) QUANTITY (2)
ESTIMATE TODAY QUANTITY TO DATE
COMMENTS:
(1) AS LISTED IN SPECS
(2) INCLUDE QUANTITY AND UNITS
(Ex. 20 ft., 6 hrs.) APPROVED BY:
NUS FIELD REPRESENTATIVE

DRILLER OR REPRESENTATIVE



Instrument (Name/Model No./Serial No.):

EQUIPMENT CALIBRATION LOG

Manufacturer Date Purchased
Calibration Initial Standard/Gas Adjustuments Final
Date Settings Used Procedure Made Set s__Si ture Conm
| | s
|
{
| | |
i i
_ | _
|
\ \
| |
| |
_ I |
| |
|
i
_ |
| I
! | !
| , ! !
| | | |
| | | | i
| |
| |
| I | | | 1
| i | | a [ e
| | | | |
| | | | |
I _ [ | | I 1 1




GROUNDWATER LEVEL MEASUREMENT SHEET

NUS CORPORATION

Project Name:

Location:

Project No.: Weather Conditions:

Personnel: Measuring Device:

Date: Remarks:

Tidally Influenced: Yes No

. Well or Sevation Water Level Adjusted |Groundwater

Piezometer | Date/Time |Reference o indicator | COrTEction Depth Elevation
Number (Festy  [Reading (Feet)ey Factor (Feet)* (Feet)®

M)

3/18/81

D: 1049\GW-LEVEL.DWG




CHAIN OF CUSTODY RECORD

STR0 N | paTE| IME [comP| GRAB

STATION LOCATION

NUS CORPORATION
PROJECT NO.: SITE NAME:
SAMPLERS (SIGNATURE): NO.
CON. REMARKS
TAINERS

RELINQUISHED BY (SIGNATURE):

DATE/TIME:

l

RECEIVED BY (SIGNATURE):

RELINQUISHED BY (SIGNATURE):

DATE/TIME:

I

RECEIVED BY (SIGNATURE):

RELINQUISHED BY (SIGNATURE):

DATE/TIME:

RECEIVED BY (SIGNATURE):

RELINQUISHED BY (SIGNATURE):

DATE/TIME:

I

RECEIVED BY (SIGNATURE):

RELINQUISHED BY (SIGNATURE):

DATE/TIME'

|

RECEIVED FOR LABORATORY BY
{(SIGNATURE):

DATE/TIME: | REMARKS:

|

NUS 440 34 0484
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